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I. INTRODUCTION 
Many studies have shown a close relationship between 
adrenal and reproductive function. In most instances, this 
effect is one of depressing reproductive function. The 
relationship between adrenocortical secretion and the function 
of the reproductive system was the target of a great deal of 
research effort in the 1950's, but interest then decreased 
until recently. Beginning in this decade, many papers began 
to appear on the subject of the effects of changes in adrenal 
secretion or the administration of adrenal steroids upon 
various processes in reproduction including puberty, ovulation, 
the timing and incidence of mating behavior, conception, 
embryo mortality and parturition. 
Several studies have demonstrated that stress alters the 
reproduction performance of mammals. Among the conditions 
that have been investigated are overcrowding in small rodent 
populations (Christian et^ , 1965; Andrews, 1970), heat 
stress in cattle (Wiersma and Stott, 1969) and swine (Edwards 
e^ al., 1968), and transport stress (Braden and Moule, 1964; 
Thibault e^ , 1966). 
The effect of ACTH upon the corpus luteum (CL) of heifers 
was studied by Brunner e£ (1969) and Wagner e^ a^. (1972). 
In more recent work Wagner et al. (1977) have shown that 
adrenocorticotrophic hormone (ACTH) or hydrocortisone succin­
ate administered locally to the ovary had no effect upon 
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progesterone secretion by the ovaries. However, when the 
above hormones were infused via the carotid artery, a de­
creased progesterone secretion by the ovaries was observed. 
The present investigation was undertaken to better under­
stand the mechanism(s) involved in the suppression of repro­
ductive performance or gonadal function during induced hyper-
adrenal states. In order to determine the precise effects of 
exogenous treatment with hormones such as ACTH, hydrocortisone 
succinate and progesterone, adrenalectomized heifers were 
used in which various hormonal concentrations and relation­
ships could be artificially produced and controlled with 
comparisons being made to intact animals given similar 
treatment. 
We believe that, by understanding the mechanism by which 
the stress influences the animal's reproductive performance, 
we not only would be able to improve animal production, but 
it would also be possible to extrapolate the findings to 
human reproduction, where many times the goal is to prevent 
conception rather than improve it. 
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II. REVIEW OF THE LITERATURE 
A. Stress and Reproduction 
1. General 
Selye (1950), in studying the physiologic and pathologic 
events occurring during varying periods of stress, formulated 
the theory of a general adaptation syndrome and of the dis­
eases of adaptation. He concluded that any systemic stress 
elicits an essentially similar syndrome with general manifes­
tations, and that this syndrome helps in adaptation to en­
vironmental stresses. It was noted, for example, that 
animals exposed to a variety of nonspecific noxious agents 
respond with a discharge of both adrenalin and adrenal 
cortical hormones and their resistance to numerous damaging 
agents is increased. The most striking feature of this 
response is its extreme nonspecificity. 
Although there are many kinds of stress, they are 
normally divided into two categories, psychological and 
environmental. In the first one the animal is stimulated 
via the special senses, while in the second one the stimulus 
comes from the environment in the form of heat, cold or 
humidity. The stress elicits a response by the adrenal 
gland, secreting corticoids in response to circulating levels 
of pituitary ACTH (Corticotrophin), which in turn may be 
inhibited by increased levels of circulating corticoids. In 
addition to this feedback mechanism there are neural 
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responses, externally or internally, which indirectly affect 
ACTH secretion rates via neuroendocrine pathways involving 
the hypothalamus. 
Circulating corticoid levels increase due to such stim­
uli as low environmental temperatures (Scharpiro et al., 1958; 
Reid, 1962), trauma or manipulations (Fortier et , 1959; 
Glenister and Yates, 1961; Yates et al., 1961), successive 
venipunctures (Basset and Hinks, 1969), psychological stress 
(Mason e^ al., 1957; Fortier, 1958; Barret and Stockhan, 
1963), and following administration of ether (Sayers and 
Burks, 1955), sodium pentobarbital (Eik-Nes and Samuels, 
1958; Nakao et , 1966) and morphine (Nakao ^  al., 1966). 
2. Puberty 
Various forms of pre-mating environment treatment have 
been found to influence different stages of the reproductive 
process in different species. 
At the present time there are no available data on the 
effect of stress on puberty of heifers. In a review Vincent 
(1972) summarized the effects of heat stress on the fertility 
of female cattle as causing a delayed puberty. However, this 
is probably not mediated by a hyperadrenal state. 
As in the cow, there is a lack of information concerning 
the effect of stress upon the onset of puberty in the ewe. 
Transport stress has been reported to be responsible for 
delay in the onset of first estrus in sheep (Braden and 
Moule, 1964; Dutt, 1963). 
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Confinement management practices and environments 
required for optimum reproductive performance in swine have 
not been determined at this time. Robson (1966) and England 
and Spurr (1969), have observed that gilts that were tethered 
(restrained by a neck collar and chain) or in individual pens 
showed more erratic estrous and mating behavior than similar 
gilts confined in groups. Jensen et (1970) found that 
gilts submitted to tethering stress showed abnormal sexual 
development, significantly heavier adrenals and delayed 
onset of puberty. The heavier adrenal glands in the gilts 
suggest adaptive adjustment to the stress of the physical 
environment. 
Others (Warnick ^  al., 1965; league et , 1968; 
Edwards et al., 1968) have reported that exposure to heat 
stress can delay onset of first estrus, decrease percentage 
of conception and increase embryonal death in swine. 
The effect of stress related to onset of puberty has 
been studied more extensively in the rat than in any other 
animal. Involvement of the adrenal glands in the maturation 
and function of the rat brain-pituitary-gonadal axis has been 
implied in many studies. One external sign of impending 
ovulation at puberty is the breakdown of the skin covering 
the vaginal orifice, an event usually called vaginal opening, 
in the rat. Moon (1937) found that the absence of vaginal 
opening following removal of the ovaries could be reversed 
by the administration of corticotrophic hormone (ACTH), and 
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Cory and Briton (1931) induced precocious puberty in the 
rat with administration of adrenocortical extracts. 
Allen and Kendall (1967) found that rhythmicity in 
adrenocortical secretions begins at 25 days of age and reaches 
a mature level at 30-32 days of age. A study by Ramaley 
(1972) indicated that the circadian periodicity of corticos-
terone is present as early as 23 days of age and is followed 
by a sudden increase in amplitude of the rhythm at the end 
of puberty. This is in contrast to responsivity of the 
system to stress, which is apparent at an earlier age than 
circadian periodicity reported by Allen and Kendall (1967). 
Gorski and Lawton (1973) investigated the possible role 
of the adrenals prepuberally in the maturation of the 
reproductive system in the rat. They suggested that the 
adrenals not only have a role in the development of repro­
ductive mechanisms, but also may play a role in maintaining 
normal cyclicity. Kowever, this is net reflected by any 
consistent change in ovarian weight, number of ova per 
ovulation or vaginal cytology. They also found that adrenal­
ectomy of rats at 18 days of age delayed the onset of puberty, 
but adrenal autotransplantation, which denervated the 
medullary portion of the gland significantly prevented this 
delay. Adrenalectomy plus adrenal transplantation at 25 
days of age was totally ineffective in reversing the delay. 
This substantiates a critical need for adrenal hormones 
during a time period including day 25. Thus, periodicity 
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within the brain-pituitary-adrenal axis most probably had not 
yet been established when adrenalectomy was performed at 
18 days of age, but had been established or at least begun 
in those animals adrenalectomized on day 25 or later. By day 
35 one would infer that maturation of the system was complete, 
with respect to both circadian periodicity and response to 
stress. They also found differences due to body weight, 
since animals in which puberty was delayed had lower body 
weight. This may reflect a generalized effect of the 
adrenals on maturation beside their effect on the reproductive 
system. 
In a review by Ramaley (1974), the adrenal-gonadal 
interactions and the effects of adrenal status on puberty 
were considered. The lines of evidence that suggest the 
adrenal can influence the timing of puberty are the following : 
definition of rhythms of adrenal activity, effects of adrenal­
ectomy upon the onset of puberty, correlations between the 
onset of puberty and changes in adrenal rhythms and finally, 
correlations between changes in fertility and changes in 
the adrenal rhythm. Overactivity of the adrenal glands 
elicited by stresses (Hagino, 1968) or by injection of 
adrenocorticotrophic hormone (Hagino et al., 1969) can also 
prevent or disrupt the course of normal puberty in rats. 
Mandl (1954) first reported that adrenalectomy prior to 
the administration of a pregnant mare's serum gonadotrophin 
(PMSG) reduced the ovarian response in both prepubertal and 
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adult rats. Ramaley (1973) has also demonstrated that the 
adrenals are involved in the response of prepuberal rats to 
PMSG, which may indicate that the adrenals are acting directly 
or indirectly on the ovaries. The adrenal cortex is capable 
of secreting several steroids, any of which could represent 
the signal that integrates adrenal and gonadal function at 
the time of puberty. 
Corticosterone exhibits a daily rhythm in plasma (Raps 
et al. , 1971; Dunn ejt al. , 1972). In immature rats, a corti­
costerone rhythm is first apparent before weaning age 
(Ramaley, 1973). If the daily pattern of corticosterone is 
followed as rats approach puberty, it can be seen that the 
amplitude increases gradually until the day of vaginal 
opening (Ramaley, 1973). Ramaley and Bartosik (1974) 
succeeded in demonstrating a daily rhythm of progesterone 
in the plasma of 28-29 day old and 33-34 day old rats. As 
in the case of the corticosterone rhythm, the peak concentra­
tion of progesterone was found at the beginning of the dark 
phase of the photoperiod. Ramaley (1974) concluded that 
there is a daily rhythm pattern in the rat adrenal secretion 
of both corticosterone and progesterone, and that changes in 
the concentration of these hormones occur in association with 
vaginal opening and the first ovulation at puberty, whether 
puberty occurs normally or is induced early by means of exo­
genous gonadotrophin (Ramaley and Bunn, 1973; Ramaley and 
Bartosik, 1974). Piva et gl. (1973) suggest that the daily 
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pattern of progesterone secretion by the adrenal cortex may 
be regulated by a combined action of ACTH and prolactin in 
the rat. 
In work by Paris and Ramaley (1973), mice were exposed 
to a daily stress consisting of two short daily periods of 
heat exposure, immobilization or ether stress for a period 
of seven days. The animals were prepubertal (Paris and 
Ramaley, 1973), undergoing puberty during the stress period 
or adult cycling females (Paris _et al., 197 3). At the end 
of a week of stress the females were placed with fertile 
males. In the prepubertal group, vaginal opening and the 
daily vaginal cell smear were recorded and the animals were 
then placed with males where conceptions were observed. It 
became apparent that stress introduced before puberty 
delayed puberty and reduced fertility once puberty was 
achieved, while stress after puberty caused an increase in 
litter size in the cycling females. Thus, corticosterone 
may be associated with these dramatically different responses 
to stress, seen before and after puberty. 
It has been shown by a number of experiments that 
adrenocortical morphology and function are negatively 
related to social rank or to dominance (Healey, 1967; Chris­
tian, 1971). In a series of replicated experiments, male 
mice, previously singly caged and visually isolated, were 
caged in groups of six for four hours a day. After ten days 
the animals were killed and adrenal weight was found to 
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have increased with descending ranking (Davis and Christian, 
1957). The endocrine responses to increased population size 
are basically the same as those of mice in assembled popula­
tions, except that they generally are of greater magnitude. 
Adult mortality has been negligible in most of these experi­
ments so that population growth has been regulated and 
limited by changes in birthrate, rate of survival of litters, 
or usually by various combinations of these two factors 
(Christian, 1963). 
Crowcroft and Rowe (1957) found that house mice in 
overcrowding situations experience decreased female fecundity, 
increased intrauterine mortality, and perhaps more importantly, 
delayed or totally inhibited maturation of young females. 
In some instances reproductive function may be totally 
inhibited in females of all ages. The results from wild 
rat populations support and extend the conclusions reached 
from data on confined populations of mice. There are adreno­
cortical function (weight) increases and reproductive function 
decreases with increasing density as a result of increasing 
social pressure (Christian _et _al. , 1965). 
Christian (1961), studying population density of prairie 
deermice, found that density-dependent inhibition of repro­
duction may be the single most important mechanism regulating 
and limiting populations of these species. Sheppe (1963) 
found that deermice born early in the breeding season were 
breeding by June of the same year, but those born later were 
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not mature at the end of the breeding season and presumably 
did not breed until the following spring. Thus, inhibition 
of maturation may be important in limiting population growth 
annually, as well as interannua1ly, in natural populations 
as well as in confined ones. Available data suggest that 
deermice are exquisitely sensitive to increased population 
density (Terman, 1965; Christian, 1971a). 
ACTH has been found to inhibit maturation in intact deer-
mice of both sexes and also causes reproductive regression in 
adult mice (Christian _et _a2., 1965; Christian, 1971a). Thus 
it seemed likely that inhibition of reproduction might have 
been a result of increased density. The fact remains that in 
natural populations of small rodents the most effective means 
of reducing reproduction is by inhibition of maturation 
rather than by depressing reproduction in mature mammals whose 
reproductive life-span is at best short in terms of mortality, 
although reproduction in adults may be totally inhibited at 
very high densities (e.g., Kalela, 1957). 
Christian _et . (1971) concluded from their work on 
deermice populations that population regulation was achieved 
by density-dependent mechanisms that certainly include 
inhibition of maturation and reproduction, and probably by 
aggressive behavior of males during the season as suggested 
by Sadleir (1965) and Healey (1967). The latter may account 
for inhibition of maturation of young males and could be 
mediated by ACTH in them. 
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Since increased density or social strife is accompanied 
by increased secretion of ACTH by the anterior pituitary and 
of various steroids by the adrenals, it seemed logical to 
expect that increased levels of adrenal sex steroids might 
block pituitary gonadotrophin by acting at the pituitary, 
hypothalamic or higher centers of the central nervous system. 
The fact that it requires much lower levels of sex steroids 
to block gonadotrophin secretion in immature rather than in 
adult rats (Byrnes and Shipley, 1950; Byrnes and Meyer, 
1951; Ramirez and McCann, 1963), enhanced the possibility 
that increased adrenal secretion might act as a negative 
feedback to inhibit pituitary gonadotrophins. Thus it is 
apparent that a wide variety of factors influence the hypo-
thalamo-pituitary-adrenal axis. It is also well-established 
that there is a rise and fall in the output of adrenal 
steroids in response to the diurnal variation in the release 
of ACTH from the anterior pituitary in several species that 
have been studied (Martin and Hellman, 1964; Krieger and 
Krieger, 1966; wagner and Oxenreider, 1972) and, in addition, 
the existence of a 24 hour periodicity within the neural 
system regulating gonadotrophin secretion is well-documented 
in many species (VJhipp _et _al. , 1970; Killian _et , 1973; 
Martin and Hellman, 1964; Wagner and Oxenreider, 1972). 
3. Fertility 
Seasonal heat stress in tropical areas is accepted as 
adversely affecting reproduction in cattle (Bianca, 1965; 
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Warnick and Bond, 1966; Jochle, 1972). Earlier studies 
with dairy cows in Arizona by Stott (1961) indicated a 
seasonal depression in fertility independent of semen quality 
during the months of June through September. In other work, 
Stott and Williams (1962) found a low rate of fertilization 
and a high rate of embryonic mortality associated with 
seasonal heat stress. 
There is evidence that an accompanying elevated body 
temperature is a factor in suppressing fertility in the cow, 
by acting directly or indirectly on the sperm, ovum or embryo 
in the female reproductive tract and/or through altering 
maternal hormonal or biochemical status (Ulberg and Burfening, 
1967; Vincent, 1972; Gwazdauskas e^ al., 1973; Stott and 
Wiersma, 1973). This could well be a short term effect 
during a critical period of the reproductive cycle as 
suggested by a number of investigators. Fallon (1962), 
Ulberg and Burfening (1967) and Long e^ al. (1969) found 
that cows with high body temperature at the time of insemina­
tion had low conception rates. However, Ingraham e^ al. 
(1974) found that the greatest relationship between maximum 
daily temperature-humidity index and poor fertilization was 
occurring two days prior to breeding. 
Stott and Wiersma (1976) indicate in their work that 
the reproductive efficiency of the lactating cow can be 
improved during hot weather by subjecting the animals to a 
cooled environment at the appropriate time. They defined 
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this time as estrus and the following day. They finally 
concluded that high ambient temperatures impose a number of 
adverse physiological effects on reproduction in cattle, each 
being dependent on the stage of reproductive process at which 
the animal is exposed and the severity and duration of the 
stressful temperature. They also suggested in the same 
work that cooling cows to normal basal body temperature 
during the short critical period in hot weather can be 
effective in improving fertility. However, it is not 
effective if the cow has been stressed for a period of time 
prior to estrus. 
Several investigators have reported increased plasma 
concentration of progesterone in heat-exposed cattle (Wiersma 
and Stott, 1969; Mills ^  al., 1972), whereas others have 
found no change (Lee et , 1971). Abnormal progestin 
values may alter the fertility rate in the cow. 
Other studies have shown that the circulating concentra­
tions of adrenal glucocorticoids are reduced in chronically 
heat-stressed cattle (Bergman and Johnson, 1963; Stott et al., 
1972; Rhynes and Ewing, 1973). The low glucocorticoid 
value may even reduce the resistance of cows to heat stress. 
Additional support to the idea that increased body temperature, 
caused by heat stress, may suppress steroid production comes 
from the suggestion by Marple _et aj.. (1972b) that ACTH 
production may not be depressed in these heat stressed 
animals. If this is true, the decrease in plasma corticoids 
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in heat stress may not be the result of a lack of stimulus 
from the pituitary, but rather a reduced ability of the 
adrenal cortex to respond to the ACTH stimulus. Thus, it is 
not clear at this point whether or not the decreased fertility 
in heat stress is a result of altered adrenal function. 
The controversy regarding the effect of stress on the 
reproductive performance of the sow arises mainly from trying 
to subject all the animals to the same stress treatment. 
Because of these complications, very few studies on repro­
ductive traits in pigs, with often contradictory results are 
reported in the literature at the present time. 
Multiple farrowing of swine has become increasingly 
popular in recent years. One disadvantage to this system 
of production is the lowered reproduction performance from 
sows and gilts during the hot summer months. Wallace and 
Combs (1962) found a consistent advantage in fertility rate, 
number of pigs weaned and average weaning weights when 
breeding occurred during the cooler months of the year. 
Edwards e^ al. (1968) concluded that heat stress during 
early gestation is more critical than prior to breeding. 
Gilts were more susceptible to high ambient temperature in 
the first few days after breeding than after implantation 
had occurred. The benefits of a comfortable environment, 
after a period of exposure to high ambient temperature, 
were indicated by an increase in voluntary feed consumption 
and occurrence of estrus and boar receptivity (Jensen a]^ . , 
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1970). They also suggested that the low conception rate may­
be due to an adverse effect from the prolonged exposure to 
high temperature and this could result from cumulative 
effects of reduced feed intake, high body temperature and 
perhaps undetermined stress peculiar to the confinement 
situation. The difficulty in detecting estrus of confined 
gilts has been reported by others. Robson (1966) found it 
more difficult to detect estrus in tethered gilts or gilts 
confined to 0.75m x 2.4m or 0.6m x 2.1m pens than in gilts 
penned in groups. Similarly, England and Spurr (1969) 
found that 28 and 16% of individual- and group-penned gilts, 
respectively, did not show estrus. Jones (1969) indicated 
in his work that expression of estrus was less overt in 
confined gilts. 
In sheep, the most common emotional stress is that 
occurring during or subsequent to movement to an unfamiliar 
environment. Reid and Mills (1962) have shown that 
pronounced and often sustained elevation of plasma Cortisol 
levels commonly occurs during this type of stress. Reid 
(1962), in his work with sheep, indicated that the adrenal 
cortical response to the climatic stress of cold, wind and 
rain is delayed compared with the rapid response to emotional 
stress. 
A number of studies have reported the effects of 
various stresses upon fertility in normal cycling females 
(Christian et al., 1965) or in females rendered infertile 
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by neonatal estrogen administration (Takasugi, 1954) or 
hypothalamic lesions (Machida, 1971). In proestrus adult 
rats, short-term stress can elicit gonadotrophin secretion 
and alter the timing of the events of the estrous cycle 
(Nequin and Schwartz, 1971). Longer stress exposure, such 
as high population density, reduces fertility in adult 
rodents (Christian,1964b). A differential effect between 
long and short-term stress also appears to hold in pre­
pubertal animals. 
Paris et aj^. (1973) found that changes in fertility 
can be induced by means of daily exposure of rats to 
simple stresses. The main findings of the study were that 
stresses of various sorts, including heat exposure, ether 
and immobilization extending over a 1-week period markedly 
depressed reproduction performance in maturing mice but 
enhanced fertility in adult cycling or constant estrus mice. 
They also speculated that the use of such stresses should 
permit further investigation of the mechanism underlying 
disturbances in fertility caused by stress. 
Paris and Ramaley (1973) concluded a short period of 
continuous heat exposure in prepubertal mice results in 
permanent impairment of fertility in a majority of animals, 
and that the severity of the impairment increases as the 
age at heat exposure decreases. Early heat stress may 
impair normal differentiation of the neural-gonadal axis. 
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Earlier Retzlaff (1938) had demonstrated that reproduc­
tive failure in female mice was a function of population 
density. He also noted that reproductive performance was 
based in the socially dominant females in each population. 
In any event it seems clear that endocrine-behavioral 
negative feedback mechanisms operate to decrease reproduction 
performance as density increases and can regulate and limit 
the size of the population growth if some other outside 
limiting factor does not do so first (Christian, 1971a). 
4. Embryonic mortality 
High ambient temperature has been shown to cause a 
loss of potential young in mammals (Ulberg, 1958; Macfarlane 
et_ , 1959; Dutt, 1960). The mechanisms of heat-induced 
embryo death are not known. Some research indicates a 
direct effect of heat stress on the sperm or developing 
embryo, while other studies suggest that heat stress 
alters the hormonal or biochemical status of the animal. 
Stott and Williams (1962) concluded that a lower fertiliza­
tion rate and high embryonic mortality are important 
factors in lowered breeding efficiency in dairy cows, bred 
during periods of high temperature and humidity. The extent 
and type of embryo loss depends upon the degree and length 
of thermal stress, adaptability of the animal and time of 
the reproductive cycle when exposed (Ulberg and Burfening, 
1967; Hafez, 1964). 
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Ulberg and Burfening (1967) demonstrated that the stress 
of a slight increase in temperature for a short period of 
time acting on either the spermatozoa before fertiliaztion 
or on the ovum immediately after fertilization caused the 
resulting embryo to die some time later in its development. 
They also emphasized that the stage of development at which 
application of stress is made is extremely critical in terms 
of the amount of subsequent embryo development before death. 
Another significant point is that the causative force became 
functional during an early phase of development, but its 
manifestation remained latent until some later phase of 
development. 
Wolff and Monty (1974) found that intrauterine tempera­
tures were consistently greater than rectal temperatures in 
both nonlactating and lactating cows. They believe that in­
trauterine temperatures are probably affected by the approxi­
mation of the uterus co the caudal border of che rumen, so 
under conditions of thermal stress, increased intrauterine 
temperature may be a factor in fertilization failures and 
early embryonic deaths. Stott et a^. (1972) found a decreased 
blood concentration of progestins, indicating a relation 
between hormonal secretion and the degree of thermal stress. 
Since progesterone is essential to prepare cows for concep­
tion and to maintain pregnancy, the lower concentration 
found in those cows might be related to the high rate of 
reproduction failure in dairy cows during hot weather. 
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In swine, the most critical time for embryo mortality 
has not yet been established. Whatley e£ a^. (1957) and 
Wamick e^ a^. (1965) have stated that cooling pregnant sows 
during periods of heat stress may increase embryo survival 
and subsequent litter size. Edwards e£ a2. (1968) found that 
heat stress during early gestation is more of a factor in 
embryonic mortality than heat stress prior to breeding. 
They also believe that the embryo is more susceptible to 
heat stress during the first 15 days post-breeding than in 
the period between 15 and 30 days post-breeding. 
Wamick e^ al. (1965) suggested that high ambient 
temperature of 90° F had a detrimental effect on embryo sur­
vival in gilts, primarily after the embryo enters the uterus 
at 3 days post-breeding. This harmful effect on survival 
could result indirectly from the effect of the high tempera­
ture on the uterine environment or some direct effect on the 
embryo. Tompkins e^ a^. (1967) found that elevated tempera­
ture has an adverse effect upon embryonic survival in sows 
if the thermal stress is applied from days 1 to 5 of gesta­
tion. They also found that exposure of sows from day 20 to 
25 of pregnancy to a thermal stress severe enough to cause 
the death of four out of nine sows had no adverse effects on 
embryonic mortality in the five survivors. 
Based on the results of their work, Omtvedt e^ al. (1971) 
concluded that pregnant gilts tend to be relatively resistant 
to heat stress in midpregnancy, but are fairly susceptible 
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to the same kind of stress during early and late pregnancy. 
They also found that the second week after breeding tended 
to be more critical for embryo survival than the first. 
Exposing ewes to high ambient temperature (90° F) before 
breeding results in a lower fertilization rate and increased 
early embryonic death (Dutt, 1963). When ewes were exposed 
to high temperature on the 12th day of the cycle before 
breeding, fertilization rate was approximately one-half that 
of control ewes, and embryo loss was estimated to be 85% in 
shorn ewes and 100% in unshorn ewes (Dutt et , 1959). In 
this same study ewes exposed to 90° F ambient temperature 8 
days after breeding had an estimated embryo loss of 38% if 
shorn, while there was no loss of embryos if unshorn. So 
the sheep embryo is apparently less sensitive to the adverse 
effects of temperature stress after the eighth day of 
development. Dutt (1963) found that the embryo is most 
sensitive to the detrimental effects while in the oviduct 
during the initial stages of cleavage. When the ewes were 
exposed to high temperature at 3 or 5 days post-breeding, 
near or shortly after the time when embryos enter the uterus, 
embryo mortality was not as high. 
Alliston and Ulberg (1961) , using the technique of ovine ova 
transfer, reported that thermal stress was more detrimental dur­
ing than after the first 3 days following mating. It has also 
been demonstrated that rabbit sperm and sheep embryos are 
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affected by short term exposure in the reproductive tracts 
of heat-stressed females before transferral to recipient 
animals (Howarth et al., 1965; Vincent and Ulberg, 1965). 
Doney at al. (1976) found that post-mating exposure of 
ewes to environmental conditions subjectively described as 
stressful may result in some increase in embryonic loss. 
The responses were of the same order when ewes were exposed 
either in the first or second 10-day period after mating. 
They showed that most of the increased embryonic loss 
associated with both environmental stress and ACTH treatment 
occurs after the 12th day of pregnancy, since loss prior to 
this would not result in an increase in the normal cycle 
interval. Howarth and Hawk (1968) found a significant 
increase in embryo mortality in sheep associated with daily 
injections of hydrocortisone acetate. Edey and Thwaites 
(1968) , using lower dose rates of hydrocortisone acetate 
than Howarth and Hawk (1968), found no evidence of increased 
embryonic loss up to 23 days but suggested that the trend 
towards retarded development at this age might lead to 
depression of viability at high dose rates. It is likely 
that forms of .environmental stress which are capable of 
increasing pituitary-adrenal activity may depress embryo 
survival in sheep when applied after mating. The similarity 
of the results derived from two different forms of subjective 
stress and from the daily administration of ACTH, support 
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the suggestion that increases in early embryonic loss 
associated with environment stress factors are mediated by 
excessive adrenal activity. 
Since stress has been often associated with retarded 
fetal development the adrenal is always suspect. However, 
Hensleigh and Johnson (1971) found that, in the rat, adrenal 
removal did not alter in the slightest the degree of growth 
retardation. 
Yang _et al. (1969) studied the role of ACTH during 
early pregnancy in the rat. They found high implantation 
loss and severe fetal mortality following the treatment 
with ACTH. They suggest the possibility of uterine endo­
metrial dysfunction resulting from administration of ACTH. 
The effect of ACTH on endometrium appeared to be mediated 
through the adrenal gland, since the effect of ACTH on the 
embryos was not found in the adrenalectomized rat treated 
with cortisone for maintenance of pregnancy. They finally 
suggest that the interruption of pregnancy may result from 
the secretion of an excessive amount of endogenous corticoids 
as the result of stimulation of the adrenal gland by a large 
amount of ACTH. 
It has been demonstrated that administration of large 
amounts of cortisone inhibited decidual development in the rat 
(Hisaw and Velardo, 1951) and induced high fetal mortality 
in the rat (Seifter et ^1., 1951; Kohzu, 1968) and rabbit 
(Courrier and Colonge, 1951). 
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Fernandez-Cano (1958) has presented evidence that 
stress from increased temperature results in a pituitary-
adrenal reaction in the rat. Increased body temperature 
caused embryo degeneration in intact but not in adrenalecto-
mized rats maintained on Cortisol implants. 
B. Adrenal-Ovary Interrelations 
1. Estrus and ovulation 
High ambient temperature stress adversely affected 
normal reproduction in cattle (Plasse e^ al., 1970), the 
syndrome being short estrus, long estrous cycle and 
decreased fertilization rate. These physiological manifes­
tations as influenced by environmental heat have been 
associated with altered endocrine functions (Stott and 
Wiersma, 1971). 
Abilay e^ al. (1975) suggested that the significant 
elevation of plasma progesterone and greatly depressed 
plasma Cortisol, along with the lengthened estrous cycle, 
shortened duration of estrus, elevated rectal temperature 
and water intake, and depressed feed intake during the estrous 
cycles at a higher temperature than 33.5° C are possible 
causative factors of impaired fertility in females under 
prolonged heat stress. 
The effects of social structure and population density 
on endocrine and reproductive function have been studied 
primarily in smaller mammals although some evidence is 
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available in other species. Jensen e^ (1970) reported 
that tethering gilts increased the incidence of infantile re­
productive tracts at 10 to 12 months of age and caused a sig­
nificant increase in adrenal weight. However, ovulation rate 
was normal in the tethered gilts that were mated. MacMillan 
and Watson (1971) have reported an increased number of short 
estrous cycles as size of the dairy herd increased. It was 
most prevalent in second calving cows but was not related to 
a failure ofestrous detection. Similarly, movement of animals 
to a new environment may cause an increase in adrenal function. 
Hafez and Sugie (1963) have reported the frequent occurrence 
of ovulation unaccompanied by estrus in beef heifers trans­
ported long distances (shipping stress) . 
Holcombe (1957) reported an increased urinary excretion of 
reducing corticoids in cattle for periods of 30 days after 
they had been moved to a new environment. Reports by du 
Mesnil du Buisson and Signoret (1961) and Braden and Moule 
(1964) have confirmed that the stress of moving animals 
caused alteration of estrous cycle patterns. 
Wagner (1974) suggests that scrupulous attention to clean­
liness is a must in intensive systems. Prevention of stress, 
whether social, environmental, or man induced is vital if one 
wants to improve the fertility rate of a postpartum herd. 
Suckled animals also showed a significant delay in the return 
of postpartum ovarian activity as indicated by follicular 
growth and time of first ovulation ( Oxenr eider and Wagner, 1971). 
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Hot weather did not affect ovulation time in either 
lactating or nonlactating heat-stressed dairy cows (Wolff and 
Monty, 1974) and this confirms previous findings by Hall e^ 
al. (1959) who did not find a seasonal climatic influence on 
ovulation time in dairy cattle in subtropical Louisiana. 
The decrease in duration of estrus of heat-stressed, lactating 
cows may be interpreted as an adaptative response which 
reduces body heat production by reducing physical activity. 
It is possible that heat stress stimulus affects neuroendo­
crine mechanisms, disrupting the normal sequence of hypo-
thalamic-releasing-factor secretions and the secretions of 
anterior pituitary gonadotropins, or that heat stress 
decreases the secretion or limits the action of ovarian 
hormones during estrus. These results confirm previous 
findings (Gangwar a^. , 1965) which indicates that the 
heat stress stimulus shortens estrus. Heat stress has been 
observed to cause a shortening in duration of estrus (Hall 
et al., 1959; Gangwar e^ , 1965) as well as an increase 
of incidence of both silent heat (Labhsetwar e^ al^. , 1963) 
and anestrus (Bond and McDowell, 1972). 
Teague ^  al. (1968) found that elevation of dry-bulb 
temperature increased the incidence of anestrus and the 
number of gilts which returned to estrus after breeding. 
Increased dew-point temperature did not have a conclusive 
effect on these same measures of breeding performance. The 
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percentage of gilts pregnant at the end of the experimental 
period decreased with each increase in dry-bulb temperature. 
Edwards et al. (1968) and d'Arce et al. (1970) reported 
no significant differences in ovulation rates of gilts due 
to exposure to high ambient temperature during estrus. 
Edwards et (1968) found that, when gilts were exposed to 
high temperature stress during the cycle before breeding, the 
onset of estrus was delayed by over 2 days. However, 
differences in ovulation rates were not significant when 
compared with gilts maintained in a cool chamber. 
Jensen et al. (1970) reported that the occurrence of 
"quiet estrus" appeared to be more frequent in tethered gilts, 
and significantly more infantile genital tracts were observed 
in the tethered gilts than in the pen-grouped gilts. These 
data suggest that tethering produced a stress that inter-
ferred with normal sexual development and onset of puberty. 
The difficulty in detecting estrus of confined gilts has 
been reported by others. Robson (1966) found it more diffi­
cult to detect estrus in tethered or individually confined 
gilts than in gilts penned in groups. Similarly, England 
and Spurr (1969) found that 28 and 16% of individual and 
group-penned gilts, respectively, did not show estrus. And 
Jones (1969), indicated that expression of estrus was less 
overt in confined gilts. 
Schilling and von Rechenberg (1973) studied the influence 
of the adrenocortical system on ovulation of gilts. They 
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were able to suppress spontaneous ovulation of cyclical gilts 
by giving ACTH (day 17 to 22) and flumethasone (day 16 to 24). 
Flumethasone also inhibited the pre-ovulatory follicle growth. 
They also found that while induced ovulation (by PMSG/HCG) 
was not supressed by 4-7 days treatment with ACTH, 30% of 
animals showed delayed ovulation and more than 80% showed 
numerous large ovarian cysts in addition to corpora lutea. 
They believe the effects of ACTH and glucocorticoids 
(synthetic) on ovulation can be explained by an inhibition 
of the LH releasing mechanism. Heap jet (1966) studied 
the adrenal secretion of androgens and of some intermediates 
of corticosteroid biosynthesis in immature pigs and found 
that llBOH-androstenedione, pregnenolone, progesterone and 
llBOH-progesterone were secreted under stress conditions at 
a mean rate of approximately 20 ug/adrenal/hr., but within 
2 hours of hypophysectomy the secretion of all four compounds 
was decreased by more than 95%. They also found that Cortisol 
was the major glucocorticoid being secreted in the pig. Lip-
trap (1970) suggested that increased blood levels of corti­
costeroids in the sow during follicular development may modify 
urinary estrogen excretion, alter the length of the estrous 
cycle and shorten the period of estrus, and that ACTH may 
also cause an interference with the ovulatory process. 
Of considerable interest are the observations by 
Australian workers (Braden and Moule, 1964; Lang, 1964) that 
transportation stress induces follicular growth and 
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ovulation in anestrus ewes. However, they failed to induce 
this phenomenon by injection of ACTH, but observed that 
severe stress seemed to induce cystic CL. 
Scottish blackface ewes maintained in a stressful situa­
tion for the duration of a full estrous cycle before mating 
had a lower ovulation rate than similar ewes maintained in 
a nonstressful environment to which they were accustomed 
(Griffiths e^ al., 1970). The nonstressful environment was 
provided by group pens in a well ventilated but sheltered 
sheephouse and the stressful environment was created by 
similar pens on an exposed out-of-doors site with additional 
heavy rainfall simulated by an overhead spray system. 
Doney e^ al. (1973) suggest that environment stress may also 
be of critical importance when imposed during a relatively 
short period towards the end of the estrous cycle. This 
covers the period of CL regression (Thorburn e^ al., 1969), 
of maturation of the final wave of follicular growth 
(Smeaton and Robertson, 1971) and pre-ovulatory changes in 
ovarian and pituitary hormone release (Gumming ^  al., 1971). 
Environmental stress over this period appears to have had 
two distinct effects; there was delay, or suppression of 
overt estrus and depression of the mean ovulation rate. 
Both McKenzie e^ a2. (1975) and Doney al. (1973 
indicated that the display of estrus by the ewe may be more 
readily influenced by short-term stress than is ovulation. 
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When the possible effects on estrus and ovulation are 
considered together, the reduction in reproductive efficiency 
in some circumstances could be quite substantial. 
Doney et al. (1976) reported results from two experiments 
designed to investigate the ovulatory responses when ACTH, 
cortisone acetate or metyrapone were administered or when 
the ewes were submitted to environmental stress. They 
found that the mean number of ova per ewe was significantly 
reduced by an environmental stress continued throughout 
estrus and also by administration of ACTH before and during 
estrus. Administration of cortisone acetate four times 
daily, before and during estrus, did not influence ovulation 
rate. They suggest that elevation of adrenal Cortisol in 
response to endogenous or exogenous ACTH stimulation of 
adrenal activity may not be the factor responsible for the 
depression of ovulation rate. Wagner e^ al. (1972) have 
suggested that progesterone of adrenal origin resulting from 
ACTH treatment, may be involved in blocking normal LH 
production and therefore interfering with the ovulation 
process. 
In proestrus adult rats, short-term stress can elicit 
gonadotrophin secretion and alter the timing of the estrous 
cycle (Nequin and Schwartz, 1971). Evidence is accumulating 
to suggest that the induction of precocious ovulation 
may involve adrenocortical hormones but that later ovulation 
may proceed independently of the adrenal. In adult rats. 
31 
reproductive performance is essentially normal in adrenal­
ectomized animals, although lacatation has been reported to 
be reduced (Thoman e^ , 1970). The ability of several 
stresses to produce ovulation and subsequent fertility in 
spontaneously persistent estrous mice is especially interest­
ing. Lawton (1972) and Nequin and Schwartz (1971) indicated 
that ovulation is not blocked in rats adrenalectomized at 
proestrus. Adrenalectomy not only abolished the advancement 
of IH release, but appeared to totally block release of LH 
surge during the proestrus-estrus period. Lawton (1972) 
also found that the absense of any rise in plasma LH in 
stressed diestrous animals, although not conclusive since 
sampling was done at only one time period, does suggest 
that control of IH release on this day is different. In 
fact, surgical stress at diestrus has been reported to block 
release of IH surge and ovulation in a high percentage of 
animals (Schwartz, 1969; Lostroh, 1971). 
Lawton (1972) proposed two mechanisms that may account 
for the occurrence of ovulation in rats which appear not to 
be releasing LH; a) Possibly the amount of LH released was 
markedly reduced compared to that normally released and, 
although too low to be detected by bioassay (0.03 ug), may 
have been sufficient to induce ovulation, b) Ovulation may 
have been stimulated by progesterone secreted by the ovaries 
in response to elevated prolactin levels (Barraclough e;t , 
1971). 
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Clearly the adrenal is not indispensable for ovulation 
in the rat, nor are biologically effective plasma levels of 
progesterone during pro-estrus, as shown by experiments in 
which potent anti-progesterone serum failed to block ovulation 
in the majority of rats tested (Ferin et a^., 1969). Pre­
ovulatory secretion of progesterone by the ovary appears to 
be the consequence, rather than the cause, of the ovulatory 
surge of LH and may be important in ensuring full sexual 
receptivity in the hours immediately preceding ovulation 
(Feder e^ , 1971). 
The failure of ovulation in ACTH-treated rats is not due 
to a change in the responsiveness of the ovaries to gonado-
trophin. This was ruled out by showing that direct stimula­
tion of the ovaries with 10 lU of human chorionic gonadotro-
phin (HCG) would cause ovulation in PMS-primed rats whether 
or not ACTH was also given (Hagino et al., 1969). However, 
a longer acting synthetic corticoid, dexamethasone, was 
effective in inhibiting ovulation given on a daily dosage 
schedule of 10 to 20 ug per day intramuscularly at 9:30 a.m. 
and 4:00 p.m. Small intrahypothalamic injections of dexa­
methasone, placed in the preoptic area, were as effective as 
systemic injections in blocking ovulation in PMS-treated 
rats (Hagino et , 1969). Ovulation was not blocked by 
the same dosage of dexamethasone in the ventromedial-arcuate 
ormammillary areas of the hypothalamus (Ramaley, 1974). 
Smith et al. (1971) implanted crystalline Cortisol acetate 
33 
in the medial basal hypothalamus and were able to block 
gonadal maturation in rats. It seems likely on the basis of 
these studies that adrenal steroids interfere with ovulation 
at the level of the brain. Christian (1964b) concludes his 
review of the literature regarding the adrenal-reproduction 
relationship with the remark that "Corticoids in proper 
amounts are evidently necessary for normal reproductive 
function". 
In the rat, corticosterone failed to reproduce the 
effect of ACTH administration, whereas dexamethasone was 
active in inhibiting PMS-induced ovulation when given 
either systemically or when injected directly into the 
medial preoptic area (Hagino et al., 1969). In addition to 
the adrenal source of progesterone, corticoids have been 
shown to facilitate ovulation (Ramaley, 1974). 
Peppier and Jacobs (1976) stated that their study clearly 
shows an interaction between the adrenal and the brain-
pituitary-ovary axis. They suggest that the adrenal glands 
are necessary for normal follicular development as well as 
for the normal complement of eggs to be shed. 
There have been many accounts of disturbances in the 
menstrual rhythm of the human female caused by emotional and 
stressful stimuli (Creep, 1968). Peyser et aJ. (1973) suggest 
a delay in ovulation in two human subjects, attributable 
to emotional stress. 
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Factors which influence the ovulation mechanism in the 
rodent may not be operative in primates. For example, con­
stant illumination has a well-established effect in producing 
anovulation and persistent estrus in rats, whereas it has no 
effect on the ovulatory process of baboons (Hagino, 1971). 
Hagino (1972), using parenteral injection of triamcinolone, 
a synthetic corticoid, at the time of menstruation or during 
the early stage of follicle development blocked ovulation 
and advanced the time of the following menstruation in 
baboons. The steroid was less effective if given during 
the immediate preovulatory phase. 
It is not yet clear whether the differences in the 
effectiveness of synthetic corticosteroids, as contrasted to 
the natural hormones, is simply a matter of dosage or 
whether there are true qualitative differences between the 
synthetic and the natural compounds. 
2. Corpus luteum (CL) development and function 
In the bovine female, ACTH treatment has been shown to 
result in small corpora lutea and lower plasma progesterone 
(Brunner ^  3^-, 1969; Wagner ^  , 1972). The adrenal 
cortex responds to elevated levels of ACTH by increased 
production of corticosteroids and sex steroids, such as 
progesterone (Strohbehn,1970; Wagner at al., 1972), estrogens 
(Lunaas, 1970) and androgens (Christian, 1971a) that are be­
lieved to influence the development and the function of 
corpus luteum. Brunner ^  _al. (1969) were able to suppress 
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the corpus luteum formation by administering daily doses of 
100 lU of ACTH during days 2 to 8 of the estrous cycle of 
the cow. 
Wagner et al. (1972) undertook a study to determine the 
effect of ACTH and flumethasone on plasma corticoid levels 
in intact cyclic heifers, and on the size of the CL and its 
progesterone content after cessation of treatment. They 
concluded that intramuscular injection of 100 units of ACTH 
at 0800 hr on days 1 to 8 of the estrous cycle reduced 
progesterone concentration and total progesterone content of 
CL collected at day 11 when compared to saline injected 
controls. Plasma progesterone levels in the ACTH treated 
animals were significantly increased on day 1 to 5 of cycle 
and significantly decreased on day 8 to 10 of cycle. They 
suggest that the progesterone production by CL is gradually 
suppressed as ACTH treatment continues through the cycle 
when compared with control animals. 
Information regarding the importance of adrenal cortex 
sex steroids and normal ovarian function in cattle appears 
to be sparse. In temperature stressed cattle, infertility 
has been associated with exhaustion of the adrenal cortex 
and reduced levels of plasma glucocorticoids. Dexamethasone 
treatment did not improve fertility, and it was inferred that 
other steroids from the adrenal cortex than glucocorticoids 
might be of importance for normal ovarian function (Monty 
and Wolf, 1974). 
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Tomasgard (1976a) investigated the effect of a gluco­
corticoid, prednisolone, on ovarian function in heifers. The 
treatment resulted in small corpora lutea, anestrus, and 
increased follicular activity. She also suggests that in­
creased levels of corticosteroids may also be involved in the 
pathogenesis of follicular cysts in the bovine. Tomasgard 
(1976b), in another study, treated heifers with prednisolone 
during the estrous cycle and determined plasma levels of proges­
terone. Her main findings observed were those of inhibition in 
the increase of plasma progesterone normally associated with 
metestrus, and lower plasma progesterone in diestrus. She 
related these findings to the relatively small size of 
corpora lutea found by clinical examination of prednisolone 
treated heifers. Finally she speculated that the lower 
plasma progesterone may be caused by a direct effect of 
prednisolone on the development of CL. The effect of pred-
O ^  1  ^ 4- TM T #1 W T V X* /"V T »-> RJ -C ^   ^  ^O W ^  W4.I. V. TLC ux<xy CKJ.OW L/C C X.CL L.C W. L. \J C J- J- U. O WJ.1 L. LIC 
pituitary gland even though Myles and Daly (1974) found 
that corticoids have an inhibiting effect on cell division. 
Wagner et ^ . (1977) conducted studies to determine the 
effect on corpus luteum (CL) function of ACTH or hydrocorti­
sone, administered by ovarian perfusion on day 11 of the 
estrous cycle on by carotid infusion on days 2 to 9 of the 
estrous cycle. They were not able to observe any significant 
local effects on CL function during the ovary perfusion study. 
In the continuous carotid infusion of ACTH or hydrocortisone 
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study, they observed a decrease in slope of the progesterone 
increase during the infusion period. They finally suggest a 
possible direct effect of hydrocortisone on either the hypo­
thalamus or pituitary which results in decreased progesterone 
secretion but not CL development. 
Luteinization of ovaries has been reported after severe 
stress in rats rendered persistently estrus by neonatal 
estrogen or by hypothalamic lesions (Machida, 1970). Resko 
(1969) has previously shown that ACTH treatment of ovariec-
tomized rats significantly increased plasma progesterone 
which apparently originated from the adrenal cortex. In 
rats, hydrocortisone treatment was shown to influence ovarian 
function by reducing the production of sex steroids in the 
zona reticularis of the adrenal cortex (Dovgy, 1974). Also, 
corticosteroid treatment was found to block LH release in 
rats (Baldwin and Sawyer, 1974). Luteinizing hormone (LH) 
is important for the development of the corpus luteum in 
cattle (Hansel ^  , 1973) . Tomasgard (1976b) found smaller 
CL in prednisolone treated heifers than in the untreated con­
trols and she suggested that this may be a result of the 
inhibition of LH release. 
In rats, dexamethasone treatment inhibited LH release, 
and the effect was found to be at the pituitary level (Bald­
win and Sawyer, 1974), but in women dexamethasone treatment 
had no effect of LH secretion (Kim et al., 1974). 
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C. Adrenal-Testis Interaction 
It has been demonstrated in a controlled experiment 
that heat stress can impair fertility in the bull. Exposure 
to high environmental temperature lowers fertility in the 
bovine male (Johnston and Branton, 1953; Kelly and Hurst, 
1963). Heat impaired fertility is accompanied by alterations 
in semen volume, sperm motility, and sperm morphology 
reflecting deleterious changes in spermatogenesis (Casady 
al., 1953; Skinner and Louw, 1966). The effects of 
elevated environmental temperature on spermatogenesis in the 
bull are well-documented and appear to be similar to effects 
observed in males of other mammalian species (Chowdhury and 
Steinberger, 1964; Moule and Waites, 1963). Rhynes and 
Ewing (1973) investigated the effects of exposing bulls to 
35.5° at 50% relative humidity for seven weeks on the con­
centration of testosterone in peripheral blood, metabolic 
clearance rate of testosterone and 24-hr testosterone 
production rate. Plasma testosterone concentration fell to 
43% of control levels during the first two weeks of heat 
exposure, but rose to near control levels during subsequent 
weeks. Testosterone metabolic clearance rate and 24-hr 
production rate were similar at the conclusion of both the 
control and heat period. These results indicate that testos­
terone endocrine function in these bulls was able to 
acclimate to the hot environment, following a transient 
period of depression. 
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Kelly and Hurst (1963) concluded in their study that 
reproductive efficienty is depressed in summer in both bulls 
and cows and avoiding the collection of semen during these 
periods offers an opportunity for improving conception rate. 
Despite the realization that heat stress can reduce male 
fertility it has been difficult to estimate its net effect 
in the field, since few bulls must endure the degree of 
constant heat stress used in the chamber studies. A genetic 
variation also appears to exist in the capacity of a 
particular bull to withstand heat stress. 
Mazzari et al. (1968) applied a local heat treatment 
to the boar scrotum which raised the temperature of the 
testis to 39.5 or 40.5° C for three hours. The effects of 
these treatments were seen 15 to 58 days post-treatment as 
a severe decrease in sperm concentration and motility. 
When Cortisol was injected into boars, an increase in tes­
tosterone concentration occurred. These results suggest 
that the effect of ACTH is mediated through the adrenal 
cortex. The suppressive effect of long-term administration 
of ACTH also involves the adrenal gland, for ACTH has no 
effect on steroid production by the testis in adrenal-
ectomized boars (Liptrap and Raeside, 1968). Liptrap and 
Raeside (1975) found that injection of a "rapid-acting" 
preparation of porcine ACTH into three boars resulted in a 
rapid rise in plasma testosterone levels which accompanied 
the expected rise in plasma corticosteroids. Urinary 
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dehydroepiandrosterone levels were measured in one boar and 
were found to be raised also. The results suggest that the 
effect involved enhanced testicular steroid activity and was 
related to the dosage of ACTH employed. This action of ACTH 
is thought to be mediated through the adrenal cortex since 
injection of Cortisol elicited a rise in testosterone 
similar to that observed after injection of ACTH. ACTH had 
no effect on testosterone levels in a castrated boar. When 
a "long-acting" preparation of ACTH was administered to two 
boars twice daily for five days, testosterone levels were 
depressed. It was concluded that ACTH may bring about an 
increase or a decrease in plasma testosterone levels in the 
boar depending upon the length of time increased levels of 
ACTH are present in the circulation. 
The exposure of rams to high ambient air temperature is 
usually followed by seminal degeneration, the intensity of 
which varies between breeds of sheep and between rams of the 
same breed (McKenzie and Berliner, 1937; Gunn et al., 1942). 
The seminal degeneration that follows exposure of rams to 
high air temperature appears to be due to the direct effects 
of heat on the testis, for when temperature stress is severe, 
local thermo-regulation fails and testicular temperature 
rises (Moule and Knapp, 1950). 
The negative feedback effect of estrogens, androgens 
and progesterone on gonadotrophin secretion has been 
studied extensively in a number of species. Corticosteroids 
41 
comprise the other group of steroids that might conceivably 
play a role in gonadotrophin control. Christian e^ a^. (1965), 
in a summary of their studies, have shown that ACTH is able 
to depress reproductive function in mature female mice. 
Since the presence of the adrenals augments the inhibitory 
action of ACTH the effect was attributed, in part, to 
increased adrenal androgen secretion. In metabolic clearance 
rate studies of testosterone in man, Rivarola e^ al. (1966) 
showed that ACTH decreased the plasma testosterone. These 
workers suggest that the increased adrenal secretion of 
androgens and/or estrogens could inhibit the output of 
pituitary interstitial cell-stimulating hormone (ICSH) and 
therefore lower testosterone production by the testis. 
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III. MATERIAL AND METHODS 
A. General 
Twenty -five virgin heifers exhibiting normal estrous 
cycles were used for this experiment. The animals were 
allowed to cycle at least twice before they could be used 
in the experiment. Heat detection was done by watching the 
animals for standing estrus in an exercise lot twice daily 
(0800 and 1600). A calendar was kept with the reproduction 
history of the animals and rarely a rectal palpation examin­
ation was done. The heifers were randomly assigned as they 
came in estrus, first to one of the two groups, either 
intact or adrenalectomized (Adr), then further randomly 
assigned to one of the five treatment groups with five 
animals each as follows: Adrenalectomized animals either 
receiving ACTH, hydrocortisone or saline and intact control 
animals receiving either ACTH or saline. All treatments 
were applied as continuous infusion in the jugular vein 
using a Harvard peristaltic pump. The infusion solution was 
made up in 0.9% saline containing 0.1% gelatin and 45 units 
of heparin per ml of solution. This basic solution was also 
used as the control saline treatment. All solutions were 
held at 5° C during the infusion period and started at 0900 
on day 2 of the estrous cycle, lasting until the next 
estrus or day 25 whichever occurred first. In all instances 
day 0 is defined as the day of estrus. 
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The ACTH infusion was administered at the rate of 1 mg 
1-24 ACTH^ per 24 hr period while the hydrocortisone 
2 
succinate was infused at the rate of 100 mg/24 hr. All 
infusion solutions were administered at the rate of 10 ml/ 
hr using a Harvard Multichannel Peristaltic pump. 
Blood was collected from the jugular vein and carotid 
artery 3 times a day (0800, 1200 and 1600), starting on day 
1 of the cycle and lasting until the next estrus or day 25. 
It was immediately placed in 17 x 100 mm plastic tubes 
containing a drop of heparin and kept in ice water until 
all samples were collected. Then the blood samples were 
centrifuged and the plasma was transferred to two small 
plastic vials and stored at -20° C until radioimmunoassay 
could be done. 
B. Surgery 
1. Adrenalectomy 
Adrenalectomy was done during the early part of the 
estrous cycle. After the surgery all animals were allowed 
to recuperate and experience at least one estrus before 
they would be cannulated and used in the experiment. All 
^Synacthen. Ciba-Geigy, Basle, Switzerland. 
2 Hydrocortisone Succinate. Upjohn Co., Kalamazoo, 
Michigan. 
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feed was withheld for 24-48 hours prior to surgery. Pre-
operatively the heifers were given 8 mg of atropine^ sub-
cutaneously and 40 mg of chlorpromazine (Thorazine) intra­
venously, 30 minutes before surgery. Just prior to surgery 
the animals received 2.5 mg of flumethasone (Methagon) and 
20 ml of Combiotic^ (penicillin-dihydrostrepmycin), both 
administered intramuscularly. Thiopental sodium was given 
intravenously to induce anesthesia and allow placement of an 
endotracheal tube. The animals were then maintained under 
anesthesia with halothane. The animals were restrained in 
lateral recumbency on a surgery table. 
Both adrenals were removed through a single incision 
in the upper right flank without invasion of the peritoneal 
cavity. The incision was made from the caudal border of 
the last rib and extended parallel and 3-5 cm ventral to 
the transverse processes of the lumbar vertebrae, to a point 
near the tuber coxa (approximately 20 cm) . A portion of 
the last rib on the right side was always removed. 
The right adrenal was normally removed first. It was 
carefully freed of its attachments through blunt dissection 
•""Professional Vet. Lab., Minneapolis, Minnesota. 
2 Smith Kline & French Lab., Philadelphia, Pennsylvania. 
3 Eli Lilly and Co., Indianapolis, Indiana. 
^Pfizer, New York, New York. 
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with the fingers, starting on its anterior lobe. The right 
adrenal was usually more difficult to remove, since it is 
more closely attached to the vena cava, with the possibility 
of making a hole in the vein which then required suturing. 
The left adrenal was removed by moving the hand back­
ward (approximately 20 cm) then entering the left side of 
the animal by pushing ventral to the posterior vena cava but 
remaining retroperitoneal. Once on the left side, the hand 
was moved anteriorly, locating the left kidney and the left 
adrenal anterior to it close to the renal artery. The left 
adrenal was removed using the same technique described for 
the right adrenal. The abdominal musculature was closed with 
a single continuous suture using number 4 catgut and the 
skin was closed with vetafil number 3. Following surgery 
and daily thereafter, the heifers were given 10 mg deoxy­
corticosterone acetate (DOCA) and 25 mg of cortisone acetate 
as a maintenance treatment. The above listed antibiotic 
was given during the following 2 or 3 days after surgery. 
2. Neck cannulation 
Two jugular and one carotid catheters were surgically 
T >  1  A  R * A / 4  O / N -P A  C  + - I  C  C / - W » 4  / A / 4  O + •  A  f IF*  ^ W ^  V** V  ^ C* W W W ^  X-F — 
the shoulder. The catheter placement was performed under 
general anesthesia (Halothane). Silastic^ tubing (ID 1.016 
mm, OD 2.032 mm) was inserted by exposing the jugular and 
^Dow Corning Co., Midland, Michigan. 
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and carotid vessels and removing all connective tissue and 
fascia exposing the wall of the vessels. Using a 16 gauge 
needle a hole was made in the vessel and the tubing inserted 
into it. The two jugular catheters were placed to avoid any 
overlap with the one used for infusion being more proximal 
than the one used for sampling. The catheters were fixed 
to the suirrounding fascia on the jugular and carotid vessels. 
The catheters were then passed under the skin to the dorsum 
of the shoulder region using an aluminum rod with a large 
eye in one end. When not in use for infusion of solutions 
or blood sampling procedures, the catheters were kept filled 
with sterile saline containing 400 U of heparin per ml, 
C. Hormone Assay 
1. General 
Corticoids were assayed in a competitive binding system 
based on the general principles described by Murphy (1964, 
1967) while progesterone and estrogens were assayed by 
radioimmunoassay using specific antisera. Isotopically 
O  T A  
labelled steroids (H and C) were purchased from New 
England Nuclear and Co. and wars normally used without 
further purification. All solvents used were Nanograde 
(Mallinckrodt) or similar quality and were used without 
further distillation. All extraction procedures and assays 
were performed using disposable glassware as received from 
the supplier. 
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2. Corticoid assay 
The plasma samples were assayed for total corticoids 
using the procedure of Murphy (1967) as modified and described 
here. Plasma samples (0.5 ml) were pipetted into 16x125 mm 
screw cap disposable tubes. The samples were first extracted 
with 5 ml of hexane to remove progesterone. Then the tubes 
were shaken and centrifuged to separate the hexane and plasma. 
The plasma was frozen in a dry ice-alcohol bath and the 
hexane discarded. The plasma was thawed, 4.5 ml of methylene 
chloride (CH2CL2) were added and the tubes were shaken and 
centrifuged again. The plasma or aqueous phase on the top 
of the solvent was removed by aspiration. Then 2.0, 1.0 and 
0.5 mis of the CH2CL2 extract were transferred to one of 
three 12 x 75 mm disposable glass tubes (unknowns) and the 
CH2CL2 evaporated in a 45° C water bath. At this point the 
Cortisol standards, Blk, 0.2, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 
4.0 and 5.0 were added to 12 x 75 mm tubes in a MeOH 
solution and dried. One ml of corticoid binding globulin 
"5 
(CBG) with 1,2-H -hydrocortisone (Table Al) was added to 
all the assay tubes (including the standards). The tubes 
were incubated for 5 min. in a 45° G water bath, then left 
overnight in a 5° C cold room. The next day the tubes were 
placed for 10 min. in a 0° C water bath, 0.2 ml charcoal 
solution (Table A) was added to each tube, the tubes were 
shaken and returned to the 0° C water bath for another 10 
min. period of incubation. Following this the tubes were 
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centrifuged for 10 min. and returned once more to the water 
bath. A 0.5 ml aliquot of the supernatant was transferred 
with an Eppendorf pipette^ to a scintillation vial. Finally 
10 ml of a scintillation fluid (Table A3) was added and 
counted in a Beckman LS-lOO or LS-230 scintillation counter. 
A standard curve was plotted on semi-logarithmic paper 
(cpm vs ng corticoid) and the values for the unknowns 
obtained by inspection. All values were then averaged from 
the three determinations per sample and corrected for 
dilution and amount extracted to provide a value in ng/ml 
plasma. 
3. Progesterone assay 
Plasma samples were assayed for progesterone content 
by radioimmunoassay. Two ml of plasma were pipetted into 16 
X 125 mm screw cap tubes. Background value for the assay 
was determined by including two tubes containing 2 ml of 
distilled water. The accuracy was checked by assaying 
plasma of known progesterone concentration (0.5 ng/ml and 
3.0 ng/ml). Tracer amounts of C^^-progesterone, equivalent 
to 150 cpm, were also added to each tube and to two 
scintillation vials for recovery data. The samples were 
then extracted three times with 10 ml of petroleum ether. 
During each extraction the tubes were manually shaken for 
^Rainin Instrument Company, Inc. Boston, Mass. 
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30 sec. and centrifuged for 10 min. The plasma was frozen 
in the bottom of the tubes in a dry ice-alcohol bath and the 
ether decanted into 16 x 100 disposable glass tubes. The 
ether extracts were evaporated in a 45° C water bath. After 
the ether had evaporated, 1.6 ml of absolute methanol was 
added to each tube, and the ethanol solution transferred to 
three 12 x 17 mm assay tubes (0.5, 0.3 and 0.15 ml) and to 
a scintillation vial for recovery determination (0.5 ml). 
Standards used were blank, 0.05, 0.1, 0.25, 0.5, 1.0, 3.0, 
5.0 and 10.0 ng/ml of progesterone in methanol. The standard 
and unknown tubes were evaporated to dryness. After the 
tubes were dry, 0.2 ml of antibody (1:2000 in Tris-HCL, 
0.1% gelatin) was added to each tube. The tubes were mixed 
on a Vortex for 10 sec., then let stand at room temperature 
for 30 min. Following this, 0.1 ml of 1,2,6,7-H^-proges-
terone (Table Al) was added to the tubes, which were mixed 
on a Vortex mixer and incubated overnight at 5° C. The 
next day 0.5 ml of a grade D dextran charcoal (Table A2) was 
added, the tubes were shaken and incubated for 10 min. in a 
0° C ice bath. Next the tubes were centrifuged for 10 min. 
and a 0.5 ml aliquot of the supernatant was transferred 
using a micromedic pipettor, to a scintillation vial, 5 ml 
of scintillation fluid A (Table A3) were added, mixed and 
the radioactivity determined in a Beckman LS-230 scintil­
lation counter. 
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A standard curve was made, with ng appearing in the Y 
axis and cpm from the standards in the X axis. By entering 
the cpm from the unknowns, the values of each sample in ng 
were read from the standard curve. These values were mathe­
matically corrected for: amount of plasma originally extract­
ed, losses occurring during the procedures and for the dilu­
tion factor, since three different amounts (0.15, 0.30 and 
0.50 ml) were assayed in order to obtain a more accurate 
result. The final result was given in ng/ml of plasma. 
4. Estrogen assay 
Plasma samples were also assayed for total estrogen. 
Two ml of plasma were extracted twice with 10 ml of fresh 
diethyl ether^. In each assay two distilled water samples 
(1.0 ml) were included as blanks. Following the addition 
of ether, the tubes were shaken manually for 30 seconds, 
centrifuged for 10 minutes, then the plasma was frozen in 
a dry ice-alcohol bath and the ether phase transferred to a 
16 X 100 mm tube. The ether extracts were evaporated in a 
45° C water bath. To the dried extracts was added 1.0 ml 
of methanol (MEOH), the MEOH was then transferred to two 
different 12 x 75 mm tubes and evaporated. Tube 1 received 
0.5 ml and tube 2 received 0,3 ml of MEOH, Following this, 
"3 
0,1 ml of 1,2,6,7-H -estrogen (Table lA) was added to the 
^Spectrograde, Eastman Kodak Co,, Rochester, New York, 
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dried extracts. The tubes were incubated for 3 minutes in a 
45° C water bath, then they were transferred to a cold room 
for overnight incubation. The next day the tubes were 
incubated for 10 min. in a 0° C ice bath and 0.5 ml of char-
coal-dextran (Table A2) with no gel was added to each tube. 
The tubes were shaken for 1 minute period and incubated for 
10 minutes in the 10° C ice bath. Then the tubes were 
centrifuged for 10 minutes and brought back to the ice bath, 
at this point 0.5 ml of the supernatant was transferred to 
a scintillation vial and 10 ml of scintillation fluid B 
(Table A3) were added, the vials were shaken and the radio­
activity determined in a Beckman LS-lOO counter. The 
percentage of tritiated estrogen bound for each standard 
was calculated and used to plot a standard curve. Blanks 
were used to determine the 100% bound value. Final values 
were determined in pg/ml of plasma from the standard curve. 
5. Progesterone pulse 
To test the possibility that any of the applied treatments 
had altered circulating progesterone clearance rate, a pro­
gesterone pulse treatment was done. On the day following the 
last sample and while the animal was still on treatment, 5 mg 
of progesterone was administered via the jugular vein. Plasma 
progesterone levels were monitored on the following schedule; 
Two samples were collected at 10 and 5 minutes before proges­
terone was given, a third sample was collected simultaneously 
with progesterone administration, the blood collection 
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continued on at 5, 10, 15, 30, 45, 60, 90, 120, 150, 180, 
240, 300 and 360 minutes after progesterone was given. A 
total of 16 blood samples were collected per animal. Blood 
samples were immediately centrifuged, stored at -20° C and 
assayed in the same procedure as previously reported in this 
dissertation. 
D. Experimental Design 
From the standpoint of assignment of subjects to treat­
ments and data collection, the experiment can be classified 
as a completely randomized factorial design. Animals were 
randomly assigned, as they came in heat, to one of the five 
treatment groups. The type of treatment applied and the number 
of animals used in each treatment group are shown (Table 1) . 
Table 1. Experimental design 
Group |NJiTmho>" r>t- ÛT^ i'r 2als Adrenal Status 
a 
A 5 Adrenalectomized ACTH 
B 5 ! !  : :  Hydrocortisone 
C 5 f 1 It Saline 
D 5 Intact ACTH 
E 5 I I  Saline 
The treatment was applied as an infusion solution; 
infusion period was from day 2 of the cycle until next estrus 
or day 25 whichever occurred first. 
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As sources of variance in the experiment the following 
were considered: The hormone treatments, day of estrual 
cycle and the interactions between them. Data were collected 
and analyzed for the following hormones: corticoids, proges­




Table 2 shows the mean daily plasma corticoid levels for 
intact and adrenalectomized (Adr) heifers. The value for 
each day represents the mean of five heifers and 3 samples 
per heifer. 
The analysis of variance (Table 3) was done using the 
data in table A4, which represents individual observations 
for each cow throughout the cycle. 
The analysis showed a significant (P<0.01) difference 
among treatment days (P<0.01) and a treatment by day 
interaction (P<0.001). The intact heifers treated with 
ACTH (Intact-ACTH) produced mean corticoid levels of 130-
160 ng/ml (Figure 1) throughout the estrous cycle, a 
significant (P<0.001) increase compared to intact heifers 
that received saline treatment (intact-saline) and had a 
mean plasma corticoid level of 15 ng/ml throughout the 
cycle. 
In the adrenalectomized heifers there were no statisti­
cally significant differences in mean corticoid levels 
between the ACTH and saline treated animals (Table 4), since 
both had values of 5 ng/ml throughout the cycle (Figure 2). 
In contrast, the adrenalectomized heifers that were treated 
with hydrocortisone (ADR-hydrocortisone) showed a 
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Table 2. Plamsa corticoids (ng/ml) in intact and adrenalectomized 
heifers^ 
Day of Intact Adrenalectomized 
Cycle Saline ACTH Saline ACTH Hydrocortisone 





4.9 ± 1.7 
+1 00 
2.0 5.4 ± 1.6 
2 19.4 6.8 24.0 4.5 4.4 1.3 12.0 3.1 5.7 1.3 
3 8.3 1.3 164.2 18.4 4.1 1.1 8.4 2.5 13.1 5.0 
4 19.4 4.4 126.5 18.7 5.0 1.4 5.9 2.4 12.5 3.5 
5 13.6 2.8 131. 7 12.5 6.1 1.9 7.2 2.1 10.2 3.0 
6 14.7 3.1 137. 3 18.0 6.9 1.6 6.2 2.7 12.4 2.7 
7 9.3 3.1 131.9 35.5 5.5 0.8 6.8 1.8 14.0 3.1 
8 8.4 2.1 182.9 39.4 6.8 1.8 4.7 1.4 10.2 3.2 
9 8.3 2.6 170. 6 30.6 6.4 1.7 6.0 1.2 13.9 2.2 
10 16.8 4.5 159. 7 25.8 3.5 1.2 4.6 1.2 11.2 3.9 
11 10.4 3.3 148.8 18.1 5.7 1.4 5.6 1.3 14.3 3.9 
12 15. 3 4.1 126.9 6.1 7.0 1.6 4.8 1.3 15.2 3.5 
13 12.1 2.0 149.1 19.3 7.9 1.8 6.6 1.2 13.3 2.5 
14 8.0 1.5 162.3 35.0 6.8 1.2 5.5 1.2 12.2 2.7 
15 7.3 0.9 128.8 23.2 7.2 1.8 6. 6 1.0 11.4 2.7 
16 8.4 1.3 138.7 10.7 8.0 1. 3 7.5 1. 7 10.8 2. 3 
17 8.3 2.7 153. 0 15.5 6.6 1.5 7.3 2.4 8.2 1.7 
18 7.1 1.8 155.8 35.9 7.4 1.1 9.2 1.7 13.2 3.3 
19 13.1 2.8 137.4 35.7 6.9 1.2 8.7 1.0 10.8 2.7 
20 10. 7 1.6 168. 0 45.9 7.1 1.2 8.8 1.6 11. 8 2.5 
^Plasma level in jugular vein. 
^Mean ± S.E. 
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Table 3. ANOVA - The effect of treatments (TRT), days and treatment by 
day interaction on iugular plasma corticoids® 
Source of Variation Degrees of Sum of Mean Square F-test 
Freedom Square 
Treatments 04 1331735.9 307933.9 52.2 
Animal (TRT) 20 118406.8 5920.3 
Day 19 27741.6 1460.1 5.1** 
Day X Treatment 76 109809.9 1444.9 5.0** 
Residual 352 100948.2 286.8 
a 
Based on data in Table A4. 
** 
P<0.001. 
Table 4. Comparisons among treatments, using t-test with overall 
mean differences^ 
Corticoid Progesterone Estrogen 
Means Means Means 
Difference P Difference P Difference P 




 1. 93 0. 001 6.32 0. 40 
Intact-Sal vs ADR-Sal 5. 8 0. 50 0. 52 0. 20 4.01 0. 50 
Intact-ACTH vs ADR-ACTH 130. 0 0. 001 1. 42 0. 025 6.24 0. 01 
ADR-Sal vs ADR-ACTH 0. 74 0. 50 0. 01 0. 50 4.09 0. 05 
ADR-Sal vs ADR-hydroc. 5. 25 0. 01 1. 41 0. 025 2.69 0. 50 
Treatments 
Compared 
^Based on data in Table A7. 
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Figure 3. Mean jugular plasma progesterone concentration in intact heifers. 
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si%ni fi candy (P-'O.Ol) higher mean plasma corticoid (12 ng/ 
ml, Fig. 2, Table 4). 
In the intact heifers, plasma concentrations of corti-
coids exhibited large fluctuations over the daily sampling 
schedule (3 x day) throughout the entire estrous cycle (Fig­
ure 1). 
B. Progesterone 
Analysis of variance for progesterone (Table 5) disclosed 
a significant (P<0.025) difference among treatments, days 
(P<0.01) and a treatment by day interaction (P<0.01). The 
data used for this analysis are found in Table A5. 
In the intact-saline group, mean jugular plasma proges­
terone increased steadily from 0.3 ±0.05 ng/ml on day 1 (day 
"0" represents estrus) to a peak of 8±1.6 ng/ml at day 12 of 
the estrous cycle, then started to decline toward the end of 
the cycle reaching the lowest values (1.2±0.8) around day 20 
(Figure 3). In the intact-ACTH group, mean plasma proges­
terone concentration was very low in the first two days of 
the cycle (0.2±0.05 ng/ml), then reached mean values of 3.5± 
0.7 ng/ml on days 3 to 6 of the cycle, when it decreased to 
mean values of 2.0±0.5 ng/ml at midcycle, continuing to 
decline toward the end of the cycle, reaching values of 
0.80±0.4 ng/ml by day 20 (Table 6). 
Comparison among treatments (T-test, Table 3) showed 
a significant (P<0.001) increase in mean plasma progesterone 
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Table 5. ANOVA - The effect of treatments (TRT), days and interactions 
on jugular plasma progesterone^ 
Source of Degrees of Sum of Mean F 
Variation Freedom Squares Square 
Treatments 04 308.4 77.1 4.1* 
Animal (TRT) 20 375.3 18.8 
Day 19 1077.8 56.7 14.5** 
Day X TRT 76 558.1 7.3 
** 
1.9 
Residual 362 1411.5 3.9 
2 




concentration for the intact-saline heifers as compared with 
those that received the ACTH treatment. Mean plasma proges­
terone at midcycle (days 11-12) was greater (P<0.05) in 
intact-saline heifers than in intact-ACTH treated animals. 
In the adrenalectomized heifers that received saline or 
ACTH as treatment the mean plasma progesterone concentration 
was not significantly different throughout the estrous cycle. 
Mean values started very low (0.3±0.005 ng/ml) and increased 
toward a peak of 8.0±2.6 ng/ml (Figure 4). At this point of 
the cycle the animals that received ACTH had a mean plasma 
progesterone concentration lower than those that received 
saline, although it was not significantly different (Table 4). 
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Table 6. Plasma progesterone (ng/ml) in intact and adrenalectomized 
heifers^ 
Day of Intact Adrenalectomized 
Cycle Saline ACTH Saline ACTE Hydrocortisone 
1 1.3± 0.04^ 0.2 ± 0.7 0.2 ± 0.05 0.2 ± 0.07 0.4 ± 0.11 
2 017 0.38 0.2 0.02 0.3 0.05 0.4 0.12 0.5 0.12 
3 0.8 0.12 4.0 0.52 0.5 0.07 0.7 0.20 0.5 0.19 
4 1.6 0.14 3.2 0.45 1.0 0.29 1.1 0.15 0.7 0.25 
5 2.3 0.28 3.5 0.60 1.1 0.33 1.8 0.26 1.1 0.30 
6 3.4 0.39 3.3 0.57 2.1 0.41 2.5 0.22 1.7 0.35 
7 4.1 0.66 3.1 0.46 3.3 0.67 3.3 0.16 2.2 0.43 
8 3.8 0.71 2.7 0.56 3.7 0.67 4.4 0.40 2.5 0.35 
9 5.1 0.68 2.1 0.55 4.3 0.72 4.8 0.22 3.2 0.76 
10 5.7 0.58 1.5 0.56 5.6 1.25 5.1 0.47 2.9 0.41 
11 6.8 1.95 1.9 0.83 7.9 2.63 4.6 0.59 3.2 0.35 
12 8.1 1.68 1.9 1.08 6.3 1.43 4.6 0.41 3.5 0.46 
13 5.5 1.39 2.1 1.14 5.1 0.80 5.9 0.90 3.6 0.64 
14 6.2 2.48 1.8 0.88 5.7 1.20 6.7 1.24 2.7 0.62 
15 7.3 2.53 2.5 0.89 6.1 1.70 6.1 0.70 2.7 1.00 
16 5.1 1.94 2.2 1.30 4.8 1.55 7.0 1.17 1.9 1.44 
17 4.5 1.93 1.3 0.60 4.3 1.72 3.2 1.03 1.5 1.28 
18 3.8 2.02 0.7 0.28 3.2 1.50 1.9 0.82 1.2 1.02 
19 2.2 0.95 0.6 0.24 2.0 1.44 2.5 2.13 2.5 2.20 
20 1.2 0.80 0.8 0.48 1.1 0.73 1.0 0.46 1.9 1.80 
^Plasma levels in jugular vein. 
^Mean ± S.E. 
Figure 4. Mean jugular plasma progesterone concentration in ADR heifers. 
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After the midcycle peak the progesterone values fluctuated 
until day 16 of the cycle in both groups, then began a 
steady decline toward the end of the estrous cycle, with 
mean values of 1.0±0.4 ng/ml at day 20 of the cycle. 
The adrenalectomized heifers that received the hydro­
cortisone infusion showed mean plasma progesterone concen­
trations of 0.4i0.1 ng/ml from day 1 to 3, then increased 
to values of 3.0±0.4 at midcycle (days 10-13) and then 
declined toward the end of the cycle to reach values of 1.5± 
1.0 at day 20 (Figure 4). A t-test comparison (Table 4) 
showed no statistically significant difference in the mean 
plasma progesterone levels of adrenalectomized animals that 
received saline treatment versus the ones that received 
ACTH. However, the t-test comparison showed a significant 
(P<0.025) decrease in mean plasma progesterone concentration 
in the ADR-hydrocortisone group of heifers, as compared with 
those animals that were treated with saline or ACTH (Figure 
4). 
C. Estrogen 
The analysis of variance (Table 7) based on data from 
Table A6 showed a significant (P<0.01) difference between the 
treatments, but revealed no significant differences among 
days and no significant treatment by day interactions. 
There was no great variation in plasma estrogen concen­
tration throughout the estrous cycle in the intact group of 
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Table 7. ANOVA - The effect of treatment (TRT), days and treatment bv 










Treatments 04 5554.2 1388.6 5.9** 
Animal (TRT) 19 4434.1 334.4 
Day 19 185.5 9.7 0.8 NS^ 
Day X TRT 76 900.3 11.8 0.97 NS 
Residual 333 4038.5 12.1 
^Based on data in Table A6. 
•  * *  
PcO.Ol. 
^Nonsignif icant. 
heifers (Table 8). The intact-saline treated animals had a 
mean plasma estrogen concentration around 11±3.5 pg/ml 
throughout the cycle. The intact-ACTH treated animals had 
a mean plasma estrogen concentration higher than the intact-
saline treated group, but this difference was not statisti­
cally significant (Table 4). In the intact-ACTH treated 
heifers, plasma estrogen concentration was 13 pg/ml at day 
1 of the cycle, increasing to 18 pg/ml during midcycle 
period and 22 pg/ml at days 17 to 20. 
The ADR-saline heifers showed plasma estrogen values 
lower than the ADR-ACTH or ADR-Hydrocortisone groups (Figure 6). 
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Table 8. Plasma estrogen (pg/ml) in intact and adrenalectomized heifers^ 
Days of Intact Adrenalectomized 
Cycle Saline ACTH Saline ACTH Hydrocortisone 





±2.28 12.6± 2.03 
2 9.9 2.26 12.9 3.01 6.6 0.94 9.8 1.79 9.2 1.24 
3 9.6 2.61 17.6 1.96 5.9 0.57 10.3 2.42 7.8 1.32 
4 13.4 5.40 17.2 3.71 5.8 0.42 8.8 0.51 9.5 1.04 
5 14.3 2.62 18.0 4.68 6.1 1.27 9.3 1.21 9.5 1.36 
6 12.2 1.82 14.2 1.59 7.6 1.72 9.1 1.65 9.0 1.47 
7 13.0 1.86 18.5 4.75 7.2 0.79 12.3 3.29 9.4 1.61 
8 9.7 2.13 15.0 2.14 6.2 1.02 12.3 2.98 9.2 1.94 
9 9.5 2.46 16.7 2.50 6.4 1.03 12.8 2.95 9.5 2.05 
10 9.2 1.95 16.1 2.35 5.7 1.87 13.2 1.92 9.6 2.44 
11 11.3 3.23 17.3 2.66 5.7 0.85 11.9 2.98 8.9 2.93 
12 10.0 2.43 18.0 2.37 7.0 1.89 11.6 1.09 8.7 3.14 
13 10.7 0.87 17.3 2.16 6.8 1.08 10.8 1.39 10.8 3.06 
14 12.0 2.42 16.7 2.62 6.6 0.74 8.6 0.52 11.0 2.89 
15 10.5 1.74 16.6 1.81 8.3 1.47 8.5 1.16 9.8 1.81 
16 7.2 1.99 19.4 2.41 7.1 1.66 12.9 2.33 9.5 2.02 
17 9.2 2.07 18.6 3.14 8.1 1.08 13.0 3.38 10.9 2.43 
18 12.2 2.32 21.4 3.16 7.9 1.13 10.9 1.75 8.6 1.97 
19 10.9 1.56 21.5 2.98 7.1 0.91 13.1 3.20 8.6 1.89 
20 10.7 1.60 19.7 3.70 5.8 0.97 13.9 2.60 10.5 2.90 
^Plasma levels in jugular vein. 
^Mean ± S.E. 
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In the ADR-Saline group mean plasma estrogen throughout 
the estrous cycle was 7.0±1.5 pg/ml (Table 8). At midcycle 
the mean plasma estrogen was significantly (P<0.01) higher 
in the ADR-ACTH heifers than it was in the ADR-Saline 
group (Table 4). However, plasma estrogen concentration 
in this last group of heifers was not statistically signifi­
cantly different from the ADR-Hydrocortisone group. 
Jugular plasma estrogen concentration was significantly 
(P<0.01) higher in intact-ACTH heifers than it was in ADR-
ACTH group (Table 4). Somehow ACTH infusion appears to 
stimulate a rise in plasma estrogen concentration in both 
intact and adrenalectomized heifers. 
D. Progesterone Pulse 
Figures 7 and 8 show the plasma progesterone clearance 
rates for intact and ADR heifers. There was no significant 
difference in the rate of clearance of progesterone from 
the blood between the two groups, after the administration 
of a progesterone pulse dose of 5 mg at time "0". Among 
the intact heifers there was a small difference in proges­
terone clearance rate between animals that received saline 
and those that received ACTH, but this was not significant. 
Figure 7. Progesterone pulse -- blood plasma progesterone clearance rate after 























Figure 8. Progesterone pulse - blood plasma progesterone clearance rate after 
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Total plasma corticoids were significantly higher 
(P<0.001) in intact-ACTH group of heifers as compared to the 
intact-saline animals. The levels of corticoids observed 
in the ACTH animals were equivalent to extreme stress 
situations such as would occur during acute surgery. 
Naturally occurring stress may cause other problems in 
addition to marked elevation of corticoids (Selye, 1950). 
Both endogenous and exogenous corticosteroids were known 
to inhibit the output of ACTH to decrease the secretion of 
corticosteroids from the adrenal cortex by suppressing the 
activity of corticotropin-releasing hormone at the pituitary 
level (Arimura ^  , 1969). The adrenal responds to 
elevated levels of ACTH by increased production of corti­
coids and sex steroids (Wagner et al., 1972; Strobehn, 1970; 
Liunaas , 1970; Chr ]_ s t % an, 1971) , although the role of the 
above hormones on corpus luteum (CL) development and function 
is not completely clear yet. Among the ADR heifers, periph­
eral plasma corticoid levels were not significantly 
different between the groups that were treated with saline 
or ACTH, although it was significantly (P<0.01) higher in 
the ADR-hydrocortisone group compared to the two above groups. 
Glucocorticoid values in ADR-saline and ADR-ACTH groups were 
around 6 ng/ml throughout the cycle due probably to the 
daily treatment with DOCA and cortisone acetate. Animals 
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would survive on lower doses but then cyclic ovary activity 
would be affected. The ADR-hydrocortisone showed a signifi­
cant rise in plasma corticoids as compared to the two other 
groups, as a result of the amount of hydrocortisone that the 
animals were receiving (100 mg/24 hr). 
Our data showed a significant (P<0.001) decrease in 
peripheral plasma progesterone levels (values around 2.0 ng/ 
ml at midcycle) in the intact-ACTH treated heifers as compared 
to the intact-saline group (values of 8.0 ng/ml). These re­
sults are in agreement with those from Brunner al. (1969), 
who were able to reduce CL size in intact heifers by daily 
injections of ACTH. Wagner et al. (1972) also reported a 
decrease in midcycle (days 8-10) plasma progesterone levels 
in heifers treated with 100 lU of ACTH daily. However, they 
had also noted transient increases of progesterone after each 
daily injection of ACTH during the early part of the cycle. 
This transient rise was stated by them to be originating 
from the adrenal cortex since identical treatment of 
ovariectomized heifers with ACTH produced a similar 
transient rise in plasma progesterone. Therefore, one must 
differentiate between adrenal and ovarian (CL) sources of 
progesterone. At this point we believe there is every 
indication that ACTH has the ability to cause a decrease 
in peripheral progesterone at midcycle in heifers. As will 
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be seen later, it appears this is due to decreased production 
rather than increased metabolism or excretion. 
There was a rise (4 ng/ml) in plasma progesterone 
levels during the first 3 days of the cycle in the intact-
ACTH heifers, which then decreased and stayed low (values 
around 2 ng/ml at midcycle) for the entire cycle. This was 
a more severe effect than reported by Wagner e^ (1977), 
who found a slight increase in peripheral plasma proges­
terone by day 8 as compared to days 2-3 of the cycle. We 
believe that the initial rise in progesterone levels that 
we found could represent progesterone coming from the 
adrenal cortex. The gradual decrease of the peripheral 
progesterone level may be due to enzymatic systems in the 
adrenal cortex that became more effective in converting 
progesterone to other steroids. Wagner ejt al. (1972) 
reported that a single injection of ACTH (100 lU) resulted 
in peak progesterone levels of about 1.5 ng/ml in oophor-
ectomized heifers. Gwazdauskas et al. (1972) found an 
increase of 2.5 ng/ml in peripheral plasma progesterone 
following treatment of intact heifers with 200 lU of ACTH and 
Resko (1969) showed that ACTH treatment of ovariectomized 
rats significantly increased plasma progesterone which 
apparently came from the adrenal cortex. In the adrenal, 
progesterone is primarily regarded as a precursor steroid for 
synthesis of gluco- and mineralocorticoid homones 
(Gwazdauskas, 1973). 
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In the ADR groups mean plasma progesterone level was 
not significantly different among the heifers that received 
ACTH or saline, although it was significantly (P<0.025) 
lower in the ADR-hydrocortisone compared to the two above 
groups. These findings suggest that the suppressing effect 
of ACTH upon peripheral plasma progesterone levels is 
through the adrenal secretion of steroids such as hydro­
cortisone. When we infused ACTH in ADR animals that were not 
able to respond to the ACTH stimulus by increasing their 
corticoid levels, the decrease in plasma progesterone 
reported above was not observed. Our data are supported 
by Wagner et (1977), who found that ACTH, locally 
applied to the cow ovary, caused no depression in plasma 
progesterone levels compared to controls, although the 
effect was seen when ACTH was used as a continuous carotid 
infusion. It became clear to us that, in order for ACTH to 
have this lowering effect upon peripheral plasma proges­
terone, an intact adrenal is required. 
In the intact-saline heifers the mean plasma estrogen 
was greater than 7 pg/ml throughout the entire cycle. These 
values were higher than those reported by Henricks ^  al. 
(1971) and we did not see the minor peak on day 9 reported 
by these authors. Our values were significantly (P<0.05) 
higher in the intact-ACTH group than in controls. The 
mean plasma estrogen values in the intact-ACTH heifers were 
13 pg/ml at the beginning of the cycle and reached values of 
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18 pg/ml at midcycle, continuing to rise towards the end of 
the cycle. The exact cause of the higher values for the 
intact-ACTH heifers is not known although it is probably 
due to estrogen coming from the adrenal under ACTH stimulation. 
The ADR-saline animals had plasma levels of estrogen 
lower than the ADR-hydrocortisone group, but this was not 
significant. However, the ADR-ACTH group had a significantly 
(P<0.05) higher plasma estrogen compared to the ADR-saline 
group. Somehow the animals (intact and ADR) treated with 
ACTH showed higher plasma estrogen levels compared with the 
other two treatments. As was pointed out before, the rise 
in plasma estrogen in the intact heifers could be due to an 
increase of adrenal estrogen, but we have no explanation for 
the rise in estrogen levels in the ADR-ACTH treated group. 
Previous studies (Hagino et al., 1969); Hagino, 1972; 
and Schilling and von Rechenberg, 1973) suggested that only 
synthetic corticoids such as dexamethasone or triamcinolone 
acetamide were able to alter gonadal function or that these 
kinds of corticoids could have a different biological action 
on the reproductive system than the natural corticoids. 
However, we used a natural corticoid (hydrocortisone succinate) 
in a continuous infusion throughout the estrous cycle and 
were able to alter the peripheral plasma progesterone con­
centration, from 5.5 ng/ml at midcycle in the control heifers 
to values around 3 ng/ml in the ADR-hydrocortisone group. In 
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this regard, type of steroid, dosage and method of admin­
istration must all be considered. 
Tomasgard (1976b) treated intact heifers with prednis­
olone during the estrous cycle and determined peripheral 
plasma levels of progesterone. Her main findings were 
inhibition of the increase of plasma progesterone normally 
associated with metestrus and lower plasma progesterone in 
diestrus. She suggested that these findings are related to 
the relatively small size CL found in the prednisolone 
treated heifers and that the low peripheral plasma proges­
terone may be caused by a direct effect of prednisolone 
on the development of CL. However, we have reason to believe 
that the effect of prednisolone on plasma progesterone is 
probably at the hypothalamic or hypophyseal level. Wagner 
et al. (1977) found that hydrocortisone or ACTH applied 
directly to the ovary had no effect in depressing peripheral 
plasma progesterone, although when they used the two 
hormones by carotid or jugular infusion plasma progesterone 
was lowered. 
Treatment with ACTH has been reported to block ovulation 
in several species: rat (Hagino e^ aj.. , 1969), pig (Liptrap, 
1970; Schilling and von Rechenberg, 1973) , cow (Liptrap and 
McNally, 1976) and baboon (Hagino, 1972). In the cow our 
data support the hypothesis that the altered gonadal func­
tion during stress conditions is not due to the high ACTH 
levels normally associated with stress, but rather due to 
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high corticoid levels produced by the adrenal under ACTH 
stimulation. However, one cannot rule out the possibility 
of other steroids from the adrenal cortex (progesterone, 
estrogen or androgen) being involved in the stress-repro­
duction interaction. Studies are currently in progress in 
our laboratory to study the effect of low level progesterone 
treatment upon CL development and function in ADR heifers. 
Exogenous ACTH has been reported to block ovulation as 
we reported before and the effect is believed to be through 
the higher centers, rather than directly upon the gonad. 
However, ACTH given to ADR animals primed with PMS had no 
such effect (Hagino e^ al., 1969) , suggesting that adrenal 
secretion is responsible or at least involved in the 
ovulation blocking process. In the present research we 
did not look at the effect of ACTH or hydrocortisone upon 
the ovulation process, but studies are in progress in our 
laboratory in this matter. 
Concentration of luteinizing hormone (LH) in peripheral 
blood plasma of the intact nonpregnant cow increases to a 
distinct peak 15 to 22 hr prior to ovulation (Schams and 
Karg, 1969). or 3 to 6 hr after onset of estrus (Henricks 
et al. , 1970). Wagner e^ al^. (1972) suggested that elevated 
ACTH-induced peripheral plasma levels of progesterone during 
the early part of the estrous cycle may feed back on the 
hypothalamus or hypophysis to interfere with normal LH 
production and/or release. Liptrap and Raeside (1968) had 
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previously reported decreased LH levels in boars treated 
with ACTH. Administration of ACTH prevented ovulation in the 
intact sow (Liptrap, 1970) but not in the adrenalectomized sow 
(Liptrap, 1973). It was suggested that steroids of adrenal 
origin were involved. Liptrap and McNally (1976) suggested 
that the ability of ACTH to interfere with ovulation, either 
directly or indirectly, might occur at the hypothalamic-
adenohypophyseal axis. We have reasons to suggest that the 
effect of ACTH in blocking ovulation is through the adrenal 
steroids interfering with LH secretion at the hypothalamic-
hypophyseal level, since we found that hydrocortisone, a 
natural glucocorticoid, was able to reduce CL output of 
progesterone in ADR heifers to values of 2-3 ng/ml by mid-
cycle compared to values of 7.0 ng/ml in controls. At this 
point it is not clear if other steroids produced by the 
adrenal cortex would have the same effect as hydrocortisone 
did but we believe there is enough evidence to suggest 
that hydrocortisone may be involved in an LH inhibition 
effect. 
We found that ACTH treatment of intact heifers suppressed 
or altered CL function and thus decreased peripheral plasma 
progesterone, but its effect is probably through the 
adrenal cortex secretion of steroids such as hydrocortisone, 
which could exert a depressive effect on CL function by a 
negative feedback on the hypothalamus or adenohypophysis. 
Our results from the progesterone pulse dose administration 
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support evidence that the low plasma progesterone levels in 
mid cycle intact-ACTH and ADR-hydrocortisone heifers were 
due to a decrease in CL progesterone secretions rather 
than an increase in progesterone metabolism or excretion. 
Continued and careful studies at level of the hypothalamus 
and hypophysis and involving other hormones, besides the 
ones directly related to reproduction, would be required 
to fully understand the complex relationship between the 
hypothalamus, hypophysis and gonads that occurs during stress 
situations in mammals. 
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VI. SUMMARY AND CONCLUSIONS 
Twenty-five virgin heifers were randomly assigned to 
one of the following 5 groups; 1) Intact-Saline, 2) Intact-
ACTH, 3) ADR-Saline, 4) ADR-ACTH and 5) ADR-Hydrocortisone. 
The animals were allowed to cycle at least twice before 
they were used in the experiment. All treatments were 
applied as continuous infusion in the jugular vein from day 
2 of the estrous cycle and lasting until the next estrus 
or day 25 (day 0 = day of estrus). The treatments were 
given at the rate of 10 ml per hour, resulting in administra­
tion of 1 mg/24 (ACTH) and 100 mg/24 hr (hydrocortisone 
succinate). Adrenalectomy (ADR) was performed during the 
early part of the estrous cycle. After surgery the animals 
were allowed to recuperate and experience at least one 
estrus before they were cannulated and used in the experiment. 
All ADR animals were maintained on 10 mg DOCA and 25 mg 
cortisone acetate given intramuscularly daily. Carotid and 
jugular blood samples were collected three times daily at 
0800, 1200 and 1600, starting on day one of the cycle and 
lasting until the next estrus or day 25. The plasma was 
harvested and frozen until assayed. Corticoids, progesterone 
and estrogen were measured by competitive protein binding 
(CPB) or radioimmunoassay (RIA) techniques. 
Analysis of variance revealed a significant difference 
among treatments, days and treatment by day interactions for 
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corticoids and progesterone while there was a significant 
difference only among treatments for estrogens. Comparisons 
(T-test) made between treatments showed significantly higher 
corticoid and lower progesterone levels in the intact-ACTH 
group as compared with the intact-saline group. The compari­
son between intact-ACTH and ADR-ACTH groups revealed signifi­
cant interactions between all three hormones analyzed. Among 
the ADR heifers there was a significant difference between 
the groups that received hydrocortisone and saline. Again 
corticoid levels were significantly higher and progesterone 
lower in the animals treated with hydrocortisone as compared 
with the ones that received saline. Estrogens were signifi­
cantly higher in intact-ACTH group as compared with ADR-ACTH 
animals and the same change was.observed when comparing estro­
gen levels between ADR-ACTH versus ADR-saline, suggesting a 
possible role of ACTH in increasing plasma estrogen level 
from both groups of animals (intact and adrenalectomized). 
Based on che results of this research the following 
conclusions can be made: 
1. The intact-ACTH heifers showed corticoid levels of 
130-160 ng/ml throughout the entire estrous cycle 
compared to 15 ng/ml in the intact-saline (control). 
2. Progesterone levels in intact-saline heifers were 
>4 ng/ml from days 9-17 but never reached levels 
>4 ng/ml in intact ACTH animals, suggesting a 
depressing effect by ACTH on plasma progesterone in 
intact animals. 
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3. Total estrogen values for the intact-ACTH group 
averaged 16-18 pg/ml during the entire cycle 
compared to 10 pg/ml for the controls. 
4. Adrenalectomized heifers treated with ACTH or saline 
had progesterone values which were normally >5 ng/ml 
during midcycle while hydrocortisone treated 
heifers had a significantly lower plasma proges­
terone level (always below 4 ng/ml). 
5. Estrogen values were higher in intact-ACTH treated 
heifers compared to the ADR-ACTH group and this 
last group had higher estrogen values than the 
ADR-saline group. 
6. We found that hydrocortisone succinate, a natural 
glucocorticoid, is able to suppress cyclic periph­
eral progesterone levels in ADR heifers and that 
ACTH can produce such effects apparently only 
through its action on the adrenal cortex. 
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Table Al. Preparation of protein binding solutions 
A. Corticoid assay 
1. Place 0.26 ml of a stock solution of 1,2 -
-hydrocortisone (0.024 ug/ml, approximately 1,430,000 
cpm/ml) into a round bottom flask 
2. Add 1.5 ml of dog plasma (adrenalectomized) 
3. Add 98.5 ml of super-Q distilled water 
4. Chill to 4° C before use 
B. Progesterone assay 
1. Add 0.2 ml of rabbit antibody (1:1500 in 0.1% 
gelatin) to each tube 
2. Add 0.1 ml of Q.1% gelatin containing 25,000 cpm 
of 1,2,6,7 - -progesterone to each tube 
C. Total estrogen assay 
1. Add 0.1 ml of rabbit anti-estrone antibody (1.5% 
estrogen AB). 
2. Add 0.3 ml of a stock solution containing 
-estrogen in tris-HCl-0.1%, gelatin (4,000 cpm/0.3 ml). 
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Table kl. Tris - Charcoal - Dextran suspension 
A. Corticoid and Estrogen 
Add 1.0 g of Norit A (activated charcoal, Sigma Chemical 
Co.) and 0.1 g dextran to 200 ml tris-HCl-buffer 
(no gelatin) 
B. Progesterone 
Add 500 mg of Norit A (activated charcoal) and 50 mg 
of dextran to 200 ml tris-HCl-buffer (0.1% gelatin) 
C. Tris-buffer 
Add 1.21 g of THAM^ (tris-hydroxymethyl aminomethane) 
to 1 liter of distilled-deionized water. Adjust pH to 
7.5 if necessary 
Table A3. Scintillation Fluids 
A. Scintillation fluid A (regular triton-X) 
1. Place 5 g of diphenyloxazole (PPO) in a large 
container 
2. Add 1 liter of toluene 
3. Add 250 ml of triton-X 100 
TM 
B. Biofluor"* 
Purchased ready to use from New England Nuclear, Boston, 
Mass. 02118. 
Table A4. Individual daily plasma corticoid (ng/ml) levels in intact 
and adrenalectomized heifers 
Treat Days of cycle 
ment s 1 2 3 4 5 6 7 8 9 
l" 8.0^ 9.0 10.0 8.0 8.0 10.0 8.0 5.0 5.0 
2 14.1 32.6 12.1 29.1 21.3 13.8 5.9 - 9.5 
A 3 24.5 12.1 5.7 23.8 10.0 6.8 13.7 13.4 18.0 
4 3.5 4.6 5.1 9.8 19.4 18.9 10.1 4.7 2.8 
5 39.6 38.7 8.8 26.4 9.3 24.2 8.7 10.4 6.0 
6 87.8 18.8 216.0 164.0 170.0 199.0 214.0 260.0 284.0 
7 39.4 21.4 200.3 153.0 142.0 157.0 146.0 292.0 180.0 
B 8 22.5 15.3 132.0 142.0 107.0 115.0 126.0 141.0 151.0 
9 51.0 23.0 146.0 114.0 138.0 103.0 - 133.0 124.0 
10 56.6 41.4 126.8 59.4 101.3 112.5 41.4 88.5 114.1 
11 5.0 4.1 4.2 6.9 5.6 7.4 5.5 6.9 11.8 
12 0.5 1.0 0.9 1.7 6.8 11.7 6.5 12.7 7.4 
C 13 4.5 4.2 4.2 5.2 3.2 5.1 4.5 3.6 2.5 
14 3.4 3.7 3.6 2.1 2.0 2.1 3.2 2.7 3.4 
15 11.0 9.0 8.0 9.0 13.0 9.0 8.0 8.0 7.0 
16 8.7 10.0 10.0 11.5 9.0 11.0 8.0 6.0 6.5 
17 3.2 - 5.3 0.8 - - - 1.5 -
D 18 15.5 20.6 16.9 11.8 12.1 - 11.0 8.3 8.2 
19 9.3 5.6 1.9 1.8 2.7 1.6 2.6 1.1 2.6 
20 6.8 11.9 7.8 3.6 4.8 6.0 5.7 6.5 6.5 
21 1.0 1.0 7.9 8.3 9.1 9.6 6.6 1.4 8.6 
22 4.6 6.5 30.6 25.2 19.8 22.5 25.2 5.5 21.6 
E 23 9.2 9.1 0.8 8.4 2.9 6.6 10.8 8.4 12.5 
24 3.3 5.7 16.0 14.7 13.4 13.3 13.4 15.6 15.7 
25 9.0 6.0 10.0 6.0 6.0 10.0 14.0 19.0 11.0 
Treatment applied to a group of 5 heifers as follows: A=Intact-
Saline, B=Intact-ACTH, C=ADR-Saline, D=ADR-ACTH, and E=ADR-Hydrocortisone. 
Numbers 1 to 25 represent number of animals. 
Values represent mean of three samples during the day. 
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Days of cycle 
10 11 12 13 14 15 16 17 18 19 20 
7.0 6.0 7.0 8.0 7.0 9.0 9.0 12.0 10.0 10.0 10.0 
23.6 9.5 12.3 10.6 6.0 - 11.0 13.4 - 20.3 8.6 
4.8 12.7 13.6 8.1 7.9 5.9 7.4 5.9 7.5 7.6 8.4 
25.0 2.3 12.2 17.7 13.6 - 3.7 1.9 3.8 14.3 -
23.7 21.5 31.2 16.1 5.4 6.9 10.7 - - - -
245.0 209.0 135.0 212.0 297.0 182.0 _ 212.0 297.0 204.0 257.0 
181.0 131.6 116.6 145.0 92.3 70.3 113.1 147.0 94.5 64.5 -
159.0 169.0 146.0 150.0 132.0 141.0 149.0 123.0 131.0 193.0 143.0 
104.0 126.0 113.0 148.0 143.0 - 162.0 134.0 132.0 88.0 104.0 
109.0 108.5 123.8 90.3 147.3 122.0 130.5 149.1 124.4 - — 
1.9 1.9 3.6 2.6 3.0 3.3 3.7 3.4 3.3 2.1 2.7 
2.4 8.6 12.4 14.2 9.6 6.1 8.3 3.0 8.1 8.1 10.1 
2.0 3.9 3.5 7.2 5.0 4.3 7.0 7.2 6.9 7.0 7.4 
3.0 4.9 7.5 7.7 7.6 9.3 9.9 11.3 9.9 8.3 8.1 
8.0 9.0 8.0 8.0 9.0 13.0 11.0 8.0 9.0 9.0 7.0 
7.0 8.0 9.0 9.0 9.5 10.0 11.0 11.0 11.0 11.5 11.3 
0.6 2.3 1.5 5.3 2.3 5.7 7.9 - 12.0 7.2 6.1 
5.5 6.0 4.2 8.9 5.0 8.0 8.3 8.0 9.2 7.0 11.7 
3.2 2.7 3.5 2.9 4.6 4.5 2.8 2.8 4.5 8.9 6.0 
6.8 8.8 6.0 7.0 6.2 4.8 - - - - -
9.2 11.5 10.1 7.5 4.8 7.8 6.8 9.0 6.0 5.4 13.3 
23.4 24.8 24.3 18.9 20.4 21.1 16.7 3.1 20.4 7.9 14.4 
1.4 1.6 4.8 11.4 8.3 6.5 4.5 5.3 6.0 8.0 1.7 
16.1 19.7 20.6 15.2 14.6 13.6 12.0 11.4 12.7 11.8 15.4 
6.0 14.0 16.0 - 13.0 8.0 14.0 12.0 21.0 21.0 14.0 
Table A5. Individual daily plasma progesterone (ng/ml) levels in 
intact and adrenalectomized heifers 
Treat­ Days of cycle 
ment 1 2 3 4 5 6 7 8 9 10 
0.4^ 0.2 0.5 1.4 2.9 4.2 6.0 6.0 7.4 6.5 
2 0.2 0.4 0.6 1.8 2.9 4.0 3.5 3.6 5.0 5.4 
A 3 0.2 0.2 0.8 1.8 2.3 3.1 5.3 1.6 5.8 7.4 
4 0.3 2.2 1.2 1.9 1.4 2.0 2.5 4.3 3.7 4.9 
5 0.2 0.4 0.7 1.2 2.0 3.1 3.2 3.4 3.8 4.1 
6 0.5 0.1 3.6 2.4 1.5 2.0 2.1 1.1 1.4 0.9 
7 0.1 0.1 2.4 3.3 2.7 2.1 2.5 3.2 2.7 2.6 
B 8 0.1 0.2 3.7 3.0 4.1 3.5 3.3 3.1 4.0 3.2 
9 0.2 0.2 4.2 2.4 4.6 4.2 4.8 4.3 1.3 0.4 
10 0.3 0.2 6.0 4.9 4.5 4.9 2.9 1.8 1.1 0.6 
11 0.2 0.4 0.6 0.8 0.4 2.0 3.4 4.0 5.9 6.4 
12 0.4 0.4 0.3 0.2 0.3 0.6 1.3 1.7 2.7 3.9 
C 13 0.2 0.4 0.7 2.0 1.3 2.3 3.3 4.0 3.4 3.8 
14 0.3 0.1 0.4 0.8 1.4 2.8 2.9 3.0 3.3 3.7 
15 0.1 0.3 0.5 1.1 2.1 2.9 5.5 5.8 6.2 10.2 
16 0.5 0.5 0.5 0.6 1.0 2.2 3.4 3.5 5.2 4.8 
17 0.1 0.2 0.4 1.1 1.5 2.3 2.9 4.5 5.0 4.8 
D 18 0.2 0.2 0.4 1.1 1.9 2.5 3.7 5.9 - 4.7 
19 0.1 0.2 0.6 1.2 2.2 2.0 3.0 3.9 4.6 4.3 
20 0.3 0.8 1.5 1.6 2.5 3.3 3.7 4.4 4.2 7.0 
21 0.7 0.6 0.2 0.3 0.2 0.7 1.6 2.6 4.8 4.3 
22 0.2 0.8 1.2 1.7 2.0 2.7 2.3 2.4 2.1 1.8 
E 23 0.3 0.3 0.6 0.5 1.3 2.0 2.2 3.1 2.9 3.2 
24 0.6 0.5 0.2 0.8 1.4 2.0 3.8 3.3 5.2 2.8 
25 0.1 0.1 0.2 0.4 0.7 1.1 1.3 1.3 1.2 2.5 
Treatment applied to a group of 5 heifers as follows: A=Intact-
Saline, 5=Incact-ÂCTH, C=ADR-5aline, D=ADR-ACTH, and E=AI)R-Hydrocortisona. 
Numbers 1 to 25 represent number of animals. 
Values represent mean of three samples per day. 
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w3.ys sjA. w j-E 
11 12 13 14 15 16 17 18 19 20 
6.8 7.5 8.9 5.7 6.2 5.5 6.0 4.8 3.6 0.6 
14.4 11.3 6.5 15.6 11.7 11.6 2.2 1.0 0.4 0.2 
4.0 12.6 1.1 1.6 10.7 6.0 9.2 9.1 4.0 2.8 
4.8 4.8 7.5 5.7 - 1.9 0.6 0.3 0.6 -
4.2 4.2 3.7 2.5 0.6 0.4 - - - -
0.9 0.4 0.3 0.2 0.3 0.1 0.2 0.2 0.1 0.1 
3.4 5.8 5.8 4.6 4.6 6.8 2.0 0.5 0.3 -
4.3 2.9 3.9 3.2 3.4 3.8 3.3 1.8 0.8 0.5 
0.2 0.2 0.2 0.7 3.7 0.3 0.4 0.7 1.2 1.7 
0.5 0.4 0.5 0.4 0.4 0.2 0.4 0.3 - -
11.4 8.9 7.6 8.0 12.0 6.2 5.7 4.1 0.6 0.3 
5.2 4.3 5.7 8.9 7.6 9.3 8.8 8.4 7.7 4.0 
4.6 5.4 5.2 5.2 5.2 5.8 6.6 3.2 0.9 0.3 
2.0 2.5 2.8 3.0 1.9 0.3 0.2 0.2 0.5 0.7 
16.5 10.2 4.0 3.3 3.9 2.6 0.4 0.3 0.1 0.1 
5.1 5.9 7.2 6.7 5.2 4.8 5.1 4.0 6.8 1.9 
5.5 5.0 5.1 5.1 5.0 5.3 4.9 2.5 - -
3.5 4.4 8.3 6.3 5.9 8.3 1.2 0.6 0.4 0.5 
3.0 3.4 3.0 4.2 5.4 - - - - -
6.1 4.4 6.0 11.4 8.8 9.7 1.7 0.6 0.4 0.5 
3.5 5.2 5.6 4.8 6.4 7.7 6.6 5.3 9.2 9.1 
3.0 3.1 2.4 1.2 0. 7 0.4 0.2 0.2 0.1 0.1 
4.2 3.3 3.1 3.2 3.0 0.7 0.3 0.3 0.6 0.1 
3.3 3.3 4.6 1.8 1.2 0.7 0.1 0.1 - 0.1 
2.0 2.4 2.3 2.4 2.1 0.2 0.2 0.1 0.1 0.1 
Table A6. Individual daily plasma estrogen (ng/ml) levels in intact 
and adrenalectomized heifers 
Treat­ Days of cycle 
ments 1 2 3 4 5 6 7 8 9 10 
1^ 15.5 5.5 5.7 6.9 9.9 6.0 7.9 4.8 7.2 6.1 
2 8.2 17.9 8.8 35.0 24.6 17.0 19.2 12.9 18.3 14.8 
A 3 9.2 8.6 5.3 7.9 12.1 13.2 10.8 15.6 11.1 13.0 
4 15.4 11.3 8.7 9.9 13.0 10.0 13.5 5.0 6.3 5.2 
5 10.5 6.0 19.7 7.1 11.9 13.7 13.4 10.3 4.4 7.0 
6 8.9 8.4 13.7 9.3 10.4 11.3 11.1 11.8 9.0 11.4 
7 16.4 12.6 18.5 16.7 17.1 18.0 22.2 21.5 22.9 20.6 
B 8 16.6 15.9 18.6 25.7 27.3 15.6 34.3 14.9 18.1 12.2 
9 18.0 22.4 24.0 25.5 29.8 16.6 17.8 17.4 20.3 22.9 
10 10.4 5.0 13.2 8.8 5.6 9.7 6.9 9.2 13.1 13.5 
11 6.1 4.2 5.3 4.7 4.8 4.3 4.5 3.6 4.4 3.4 
12 11.3 7.8 6.8 6.4 11.2 7.1 8.8 5.2 5.0 5.1 
C 13 14.3 6.1 4.5 5.5 4.3 13.8 6.5 9.4 10.1 13.1 
14 5.3 - - - 5.3 4.5 8.7 7.5 5.3 3.1 
15 10.3 8.4 6.8 6.5 5.1 8.4 7.6 5.1 7.2 3.9 
16 10.4 7.3 9.0 7.3 9.1 5.9 _ 5.0 7.8 
17 14.6 14.1 10.8 9.2 9.0 8.8 8.2 11.9 12.4 13.4 
D 18 13.7 11.3 16.5 9.2 12.4 13.7 18.8 17.7 19.1 15.0 
19 4.5 6.4 4.8 9.6 6.5 7.8 9.8 7.4 14.8 16.7 
20 - - - - — — — — — — 
21 7.8 10.1 9.0 7.5 6.8 7.7 4.1 2.1 2.5 2.8 
22 15.9 7.3 5.0 10.3 13.1 11.7 12.8 11.9 13.1 17.8 
E 23 16.0 13.7 10.9 11.1 9.2 8.5 12.8 13.2 14.0 7.2 
24 - 7.4 4.4 6.7 6.4 4.4 8.5 10.5 9.7 9.6 
25 10.5 7.4 9.9 12.1 12.2 12.6 8.8 8.4 8.1 10.4 
^Treatment applied to a group of 5 heifers as follows: A=Intact-
Saline, B=Intact-ACTH, C=ADR-Saline, D=ADR-ACTH, and E=AJ)R-Hydrocortisone. 
^Numbers 1 to 25 represent number of animals. 
c 
Values represent mean of three samples per day. 
116 
Days of cycle 
11 12 13 14 15 16 17 18 19 20 
6.2 3.5 9.9 6.8 12.4 - - 5.9 8.0 9.1 
22.7 16.6 11.7 16.9 8.2 7.4 10.4 13.6 11.0 9.1 
12.0 11.9 13.6 18.6 14.4 8.2 12.1 17.0 15.2 13.9 
4.0 5.3 9.4 9.7 - 1.8 5.2 12.3 9.3 
11.7 12.6 8.8 7.8 7.0 11.4 - - - -
9.7 10.9 12.2 11.0 11.1 15.0 14.4 14.4 14.4 16.8 
20.9 17.6 20.3 16.5 16.7 14.8 18.9 19.2 20.0 
25.1 25.0 17.9 26.0 17.5 24.4 29.8 30.4 22.6 15.3 
16.7 20.8 23.3 17.7 22.4 26.0 11.2 28.3 28.8 27.1 
14.2 15.6 12.6 12.5 15.4 16.6 18.9 14.8 
6.2 9.0 3.9 5.0 6.3 4.2 6.6 4.7 6.8 4.5 
6.1 7.0 4.9 6.2 11.5 9.5 11.0 9.8 7.0 
8.0 12.7 8.2 9.4 10.8 9.4 6.3 11.1 8.2 7.7 
2.7 4.5 6.9 6.1 9.4 10.4 10.5 6.9 3.9 5.2 
5.5 1.6 9.9 6.1 3.6 2.1 6.1 7.2 9.4 
— 12.8 10.7 8.0 ______ 
17.5 12.8 8.9 8.4 10.7 9.7 11.6 11.4 9.9 11.3 
10.9 12.4 14.8 10.1 8.8 17.5 19.4 13.6 16.3 16.5 
7.3 8.3 8.9 7.8 6.3 11.5 7.9 7.6 
1.7 1.7 1.7 3.5 4.9 4.2 3.2 2.5 2.4 1.7 
19.6 19.9 20.1 19.8 15.1 14.1 14.3 14.9 14.1 14.0 
8.7 9.9 13.8 15.3 12.4 13.5 17.2 9.4 10.1 18.5 
6.8 4.1 7.8 8.7 7.2 5.5 8.1 8.1 7.7 6.7 
7.7 7.7 10.4 7.8 9.6 10.4 11.7 7.9 8.9 11.5 
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Table A7. Overall means for corticoid. progesterone and estrogen 
Treatments corticoid progesterone estrogen 
In tac t-r Saline 12.07* 3.95 10.92 
Intact-ACTH 136.95 2.02 17.24 
ADR-Saline 6.21 3.43 6.91 
ADR-ACTH 6.95 3.44 11.00 
ADR-Hydrocortisone 11.46 2.02 9.60 
represent overall means for all heifers and every day. 
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Table A8. Corresponding animal experiment numbers and animal 
tag number. 


























%umber of animals used in Tables A5, A6 and A7. 
